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FOREWORD 


1 bave great pleasure in writing for Dr. 
Gupta’s little book. Books on the practical teach- 
ing of Physiology and Hygiene are unfortunately 
very few : and of those present, they are written 
mostly by teachers who themselves had no train- 
ing either in the theory or the practical applica- 
tion of the subject or by doctors who have no 
experience of teaching. The present book has the 
great advantage that it is written by one who 
is not only a teacher of Physiology and Hygiene 
but also a busy Medical Practitioner. Dr. Gupta’s 
treatment of the subject matter is very lucid yet 
brief, The value of the book is enhanced by an 
excellent chapter on the use of the Microscope 
and by several very useful blocks. I consider 
that the book will prove useful to the student 
taking up his High School Examination and the 
teacher alike. I wish it all the success it deserves. 


M. L. Gujral. 

M. B.. B. (PUKIATl) M. R. C. P,. (roND.), 

Ghandni ChoirJ,-, Delhi. 




Preface 


Theoretical knowledge of Physiology and Hyg- 
iene is of little use to any body, least of all to 
a beginner, if there does not exist at the same 
time a proper understanding of its practical appli- 
cation. My object in writing this little book is 
to supply a want in this direction. It is believed 
that the book will prove helpful to candidates 
who are preparing for the High School Examina- 
tions of Indian Universities and Boards. Incidental- 
ly it will also be of value to the layman who 
feels interested in elementary Physiology and 
Hygiene. 

My thanks are due to many teachers for 
their valuable help and suggestions, specially to 
L. Shadi Lai, Headmaster, Ramjas High School, 
No. 1, Delhi and Dr. M. L- Gujral, Lieut. M. B., 
B. S. (Punjab), M. R. C. P. (London), Chandni 
Chowk, Delhi. 

Any suggestions from the teachers to make 
the book more useful, are cordially invited and 
would be considered to incorporate them in the 
next edition. 


Delhi, 

September, 1936. 


R. C. G. 
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HUMAN SKELETON OR THE BONY 
FRAME WORK 


I. Articulated Skeleton: — In articulated skeleton the 
various bones of wliich the skeleton is composed, are 
placed in their natural positions, and are hold there by 
artificial joints secured with wires, nails etc.; while it 
should be noted that in our own bodies various bones 
forming various joints are liold in position by liga- 
ments, tendons and muscles. Hence our natural joints 
are absolutely different from the artificial joints in an 
articulated skeleton. 

Look at such a skeleton hung before you and note the 
following iifitural divisions:— iZIsad, Trunk and Limbs. 

HEAD OR SKULL. Note the strong bony box whicli 
lodges the brain. called the Cm nium on its front 
aspect j ou see the A’arious bones of the Face. 

TRUNK. Note the strong bony pillar the Spine or the Back 
Lone, on which I'ests tho head, and is compo.sed of 
many small irregular rings of bone — tho Vertebrae. To 
the front of its upper paii note a soit of bony cage 
— ^the Thorax — witJi some voi’tebrae boliind, ribs on eaeJj 
side and breast bone in front. 

LIIVIBS. Note that the two pairs of limbs appear to bo 
hanging from the sides of the tnink. From tho upper 
part of tho tinmk hang tho Upper Limbs, and from its 
lower part, tho Lotoer Limbs. The limbs are also sometimes 
called the Appendages. Note tliat the bones of the 
limbs are stronger, longer, and more compact than the 
bones of the other parts of the skeleton. Note also 
that the bones composing the lower limbs are much 
stronger and stouter than those of tlie upper limbs, 
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Sketch the skeleton as you see* hanging before you and label 
its various parts. 

N. B. MAIN USES (1) Gives support to the soft parts and thus to 
the whole body. ( II ) Gives a proper shape to the human body. 
( III ) Protects the delicate internal organs like Brain, Heart etc. 
( IV } Serves for the attachment of muscles etc. and so movements are pro- 
duced at the joints. 

II. Disarticulated Skeleton. All the individual 
bones, forming the bony frame work of a human body 
comprise the Disarticulated Skeleton. 

Before beginning to study in detail the individual 
bones, wo should know the different kinds of bones. 

For tliis pick up a Shoulder-blade, a Thigh-bone, a 
Wrist-bone ami a Vertebra. Note the marked contrast 
in their appearance. Hence bones ai’e classified into: — 

(rt) Flat Bones arc those in wi)ich one axis (axis of 
tJiicknoss) is gi-eatly reduced out of all proportion 
to tljc other tw^o axes (of length and breadth), so 
they look thin and flat c.g. SI)oulder-blado. 

(i) Long Bones are those in which ojie axis (axis of 
length) is greatly increased out of all propor- 
tion to the other two axes (of breadth and thick- 
ness), so tliey appear long e.g. Thigh-bone. 

(<?) Short or Cuhoidal Bones are those in wliich all the 
axes arc more or less equal and short, and they 
have got a faij-ly regular shape e.g. Wrist-bones, 

(d) Irregular Bones are tliose which have no definite 
shape e.g. Vertebrae. 

To which class of hones do the following hones belong 1: — 
Sphenoid, Ulna, Hip bone. Frontal bone. Ankle bones and 
Phalanges. 
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A. The Skull. Pick up the skull and note that it 
consists of two parts — the Cranium or tho Brain 
Bos and tho Face. 

(i) THE CRANIUM OR THE BRAIN BOX. Mark tho zig- 
zag lines of the union of tho dif ferentbf)ros forming 
the Cranium. These are called tho Su>ure». Note 
that the Brain Box is really a strong hollow 
box to lodgo tho b]'ain. Sutures are formed by 
the firm union of the saw-liko or dove-tailed edge 
of one bone inter-lockii'g with a similar edge of the 
other bone. Tiiesj are tho joints in the Skull. 
Note that very little movement is possible in these 
joints. 

Cranium consists of eight bones: — 

faj The Frontal Bone. It forms tho forehead, also 
the upper part of Orbit and tlie roof of the nose. 
Note its vertical and horizontal portions. To its 
upper edge are united: — 

(i) The two Parielals. They form a part of the roof 
and tho sides of Cranium and unite in tho middle 
line with each other. Note tliat they arc quadri- 
lateral in form and are cui-ved like a saucer. 

Distinguish the right from the left by : — 

The upper edge is straight, the lower is curved and the promi- 
nence is more towards the posterior edge. See that they 
unite with the Frontal in front, Occipital behind and Temporal and 
Sphenoid bones below. 

(<j) The Occipital Bone forms the lack of tho Cranium, 
and the hinder pait of tho base of the Skull. Note 
its vertical and horizontal portiors and also a big 
round bole in its horizontal part called the Foramen 
Magnum, and the two smooth projections around 
the hole called tho CondyU* which move on the 
first vertebra. 



(d) The two Temporal Bonet form the temple and 
complete the Hides of the Cranium. Note the open- 
ing of the external car in each. Note its flat 
vertical part — Squamous part- -and its tliick part 
projecting iiiwaixls— part. Note that the 
oxtorr.al ear opeiu}ig goes inwards ui the Petrous 
part. Also note the place whore the lower jaw 
lone unites and moves, and also the big projec- 
tion of bone boliiiid the external ear opening the 
Mastoid process. 

Distinguish the right from the left by : — external 
ear opening is outside, mastoid process is behind 
it and the flat squamous part is above. 

(#>) The Sphenoid Bone. Note that it is an irregular 
bone, shaped like a bat. It forms middle part of 
tlie base and a part of the sides of the Skull. 
It is placed in front of the horizontal part of the 
Occipital bone. 

(/) The Ethmoid Bone. It is a small bone lying in 
front of the Sphenoid and is wedged in the hori- 
zontal part of the Frontal bone. It forms roof of 
the nose and front part of the base of skull, and sides 
of the Orbit. Tliis bore usually gets destroyed dui’ing 
separation of bones. Note that its upper horizon- 
tal plate is perforated like a sieve for branches 
of Olfactory nerves to the nose. 

N. B. Write the names of all the bones of the Cranium and with what 
bones does each bone come in contact ? 

(ii) BONES OF THE FACE. 14 in all. 

(«; Tue two Nasal Small quadrilateral bones, 

form the biidge of nose, meet with each other 
in mid-line and above with the Frontal bone and 
below with the upper jaw bones. 

(ft) The two Malar^ or Cheek Bones, also called the 
Zygomatie bones. Eoughly quadnlateral bones 
ard form prominences of cheeks. 
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(c) The two Superior htaxillarg Bonee or Upper Jaw 
BoneSf are irregular bones. Each lodges the upper 
8 toeth on each side. Both foi-tu tlie upper jaw 
and the fi'ont part of the roof of inoutli ai;d floor 
of Nasal cavity. 

{d) Two Palatal Bonea form tlic posterior part, of the 
roof of the mouth and the floor of the nasal cavity. 
It is shaped like the English capital letter L.t 

(e) The (too Lachrymal or Tear Bonea. They are 
small tliiii bones situated at tlie inner angles of 
the Orbits or sockets for tlie eye ball. Each has got 
an excavation in which lodges the Tear Sac, hence 
the name. 

{f) Two Spongy Bonca—Small thin twisted plate like 
bones, one in each nostril. It forms the lowermost 
prominence in oacli nostril. 

(g) Vomer or Plough-share Bonea. It is a quadrilateral 
thin plate of bone which forms the posterior part 
of the partition in the nose. 

(A) Mandible or Lower Jaw Bone. It is a hoi’so-shoe 
shaped bone, has sockets for 10 lower teeth in 
its middle curved horizontal part. The posterior 
vortical part is divided into two, the hinder 
of which forms a large- joint with the temporal 
bone. Note the movement of the lower jaw. 
Also note that it is the only hone out of the face hones 
which moves. Note in chewing the upper jaw 
bones do not move at all and it is only the lower 
jaw which moves. Sketch this bone. 

Sketch the Skull as seen from (i) the top (ii) from the left side 
(iii) from behind (iv) from front (iv) from below; nud label the various 
bones seen. Name the bones of which the Oribts are formed. 
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B. Veri<B^al Column or Spinal Column or Spine 
or ISlack Bone. Note that it is a bony pillar 
consisting of many single irregular pieces of bone 
called Vertebrae. This column gives the name of 
Vertebrates to those who possess it, others are called 
Invertebrates. Note that there are 4 cuiwatures 
in this column: 

(») Those placed in the neck — Cervical — 7 in number, 
form a curve with convexity forwards. 

(b) Those placed in the Thorax — Thoracic or Dorsal 
— 12 in the number, forma ciuwewith convexity 
backwards. 

(<?) Those placed in the Abdominal region — Lumbar— 

6 in number, with convexity forwards, and 

w Those placed in the Pelvic region — Sacral and 
Coccyx — composed of 5 fused pieces forming 
Sacrum and 4 fused pieces forming Coccyx, liave 
a cuiwe with convexity backwards. 

Count the number of Vertebrae in tlio column. There are 
iJ3 pieces out of wliich five of the Sacrum and four 
of the Coccyx are fused into one bone each i. e. the 
Sacrum Bone and the Coccjtc Bone. 

Select a Vertebra from the Thoracic Vertebrae viz. the 
sixth or seventh, and note the following points: — 

Centrum or Botly. A cuboidal disc of bone 
forming the front part. 

(«) Neural Arch. To the back of the body is attached 
an arch of bone called the Neural dreh^ enclos • 
a hole — ^the Spttial Canal. 
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(m) From the arcli aiise two processes or projections, 
one on each side, called the Tran$verae Frooetaea 
and 

(*») A central process behind, called the Spinoua Proeeaa. 
Take from the vertebrae the sixth, seventh ai;d 
eighth Thoracic Voi-tebrao and place them in posi- 
tion one above the other and note that the neural 
arches of these bones make a continuous canal 
through wliich passes the Spinal Cord in the 
living human being. Also note that in between 
the two vertebrae there is a hole on either side 
called Intervertehral Foramina through winch the 
Spinal I'ervos pass out fi'om the Spinal Cord. 

Sketch a typical Thoracic Vertebra and label its various 
parts. 

I. CERVICAL REGION. Next take a t.>-pical Cervical 
Vertebra, say the fifth and note 

(*■) The body is small and the vertebra on the whole 
is small. 

(fi) Neural arch is veiy wide. 

(Hi) Transverse processes are short and there are holea 
in them for the paaaage of an artery in the living 
body in all cervical vertebrae. 

(*■») Spinous Process is short and bifid or forked. 

Sketch it and show the special points. 

Note the atypical vertebrae in this regioh and draw each. 

1. ATLAS OR Ist CERVICAL. 

(a) Ithas «o Jody ard ro Spinous process or a very 
rudimentaiy Spinous process. 

(*) It has two cup^haped, polished areas— Faoo/«— 
on its upper surface for the movement of the 
skull. 
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(c) It liaa a smooth surface — Faeet--on the internal 
sui-faoe of its front part which revolves round 
tlie 2nd Veiiobra. 

(d) It has got the thape of a ring. 

2. AXIS OR 2nd CERVICAL. 

(o) It has a, peg-like proeeatt above iUbodg which 
is called Odontoid Proccaa round which the atlas 
moves. 

(*) On tho fi-oiit surface of the Odontoid process 
there is a small facet. 

3. 7th CERVICAL OR VETEBRA PROMINEN8. 

(a) It is so called because it has a very long spinous 
process which can be easily felt projecting under 
the skin in a living body, hence a useful point in 
counting vertebrae. 

(ft) Sometimes its transverse processes are abnor- 
mally largo simulating the libs, 

II. DORSAL OR THORACIC REGION. Select a ver- 
tebra of this region and note the special points : — 

(i) There are Articular Facets cn the aides of the bodies 
of those A'ot+ebrae for articulation with the heads 
of ribs. 

(*») There arc similar Facets on of the tra nsnerse 
processes for aiticulation with the tubercles of the 
ribs, with the exception of J 1th and 1 2th Thoracic 
Vertebi'ac wliich hn.ve no facets on tho transverse 
processes, as there arc no tubercles on the 11th 
and 12t]i ribs. (Sec description of Ribs.) 

(iii) Spinous processes are long* thin, and point down- 
wards. 

N.B. There are 1 2 Thoracic Vertebrae and 1 2 pairs of ribs, i. e. one pair of 

ribs for articulation with one vertebra. 

Draw a Thoracic Vertebra. 
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III LUMBAR REGION, Note the following points : — 

(*) The bodies hre veiy large. 

(m) Transverse processes arc veiylorg. 

(iiif Spinous processes are short, straight and thick, 
and ai’c axe-shapad. 

(iv) Absence of facets on the sides of the bodies and 
the transvei'se processes. 

Diaw a Lumbar Vertebra, 

IV SACRAL REGION. The five vertebrae of this region 

are fused together to form one Sacral bone. Sketcli 
it and note tliat ; — 

(<) It is a solid tiiangle with base upwaixl and 
vortex Ixilow, and is fixed in between the 2 hip- 
bones like a wedge. 

(it) Its front aspect is sinootli and cancave, and its 
back aspect is rough and convex. Its posterior 
wall is also deficient below. 

(tit) On eithef side of the middle line there are four 
holes for tlie Spinal Nerves. 

(iv) Note the ear-shaped ai+icular surface for aiti* 
culation with tlio hip bones on the upper part of 
each of its sides. 

Make a sketch of the Sacrum. 

V COCCYGEAL REGION. Four small vertebi-ae arc 

fused to form a small Coccyx Bone. Tliis is also 
called the Tail-bone of man. In monkeys and 
other animals the numl)er of vertebrae in the 
tail region is veiy large and they are not fused. 

Sketch it. 

C. Ribs or Costae. Note in the articulated skeleton 
before you that the ilbs arc tliin, flat, cuived, bony 
loops, 12 on each side, forming walls of Thoracic 
Cavity. Note that behind tliey are united to the 
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Dorsal vertebrae at two places, viz., («) by tbeir hea* 
to the sides of the Dorsal Vertebrae and (Hj by their 
tubercles to the trarsverec processes. 

N. al Note thattlie Ilth and 12t}irib4 hare DO tubercles, and^so do not 
' articulate with the transverse processes. 


Note that in front, each of the upper 7 pairs of ribs is 
joined to the breast bone ( Stennnn ^ direelly by a small 
cartilage called Costal C/trtilags; next 3 pairs are joined 
to the sternum indirectly by the costal cartilage of the 
lower rib joiniiig to the costal cartilage of the upper rib 
i. e. tliat of the 10th to tho.Costal Cartilage of the 9th; 
that of the 9th to that of the 8th, and that of the 8th to 
that of the 7tli, which joins directly to the Stemum. 
Hence 8th, 9th, and 10th ril s unite indirectly to the 
SteiTUiu. Last two paim i. e. 11th and 12th, do not 
unite at all to the Steniutn, lienee called the Floating 
or Free Ribs. The first 7 pah's are called TrueBibs. The 
last five pains are called False Bibs, out of wliich last 
two pail's arc also ca.lled Free or Floating Bibs. 

Note that the ribs are not placed honzontelly but are inclin- 
ed downwards and forwards, and their 8Uifa.ces do not 
look forwards and backwai'ds, but look forwai’ds and 
downwards, and upwanls and backwards, i. o. in their 
front parts the anterior surfaces look forwai'ds and 
downwards, an.d posterioi' surtaces look backwards and 
upwards. 

JX. B. TJiis doubly obliiiue direction of ribs plays a very important 
)tart in tbe act of hreatliiug 


Draw a typical rib e. g. 7th, and lalx'l the following parts: — 

(i) Head, the posterior end, (»*) Neck, a narrow part 
beyond head, (»*•) TubereU, a projection beyond 
\)eoV,{iv) Body or Shajt, the cui’ved part beyond 
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Tubercle and (®) Sternal End, the aiiteiior eic- 
tremity, which unites mth costal cartilage. 

D. Sternum or Breast Bone. Draw tlic breast hone 
and note tlmt it has two parts : — 

(»■) Upper smaller part, more (,!• loss quadrilateral, 
broad above and narrow l)elow, <-alled Jltanu- 
hriuni Stwni i. e. Head of Sternum. Note the two 
facets- on either side for articulation with the 
Collar Bone and fimt Costal Oartilago. Alsti 
note the half facet foi the ^lal Costal Cartilage. 

(n) Lower bigger part, tapering below, called Boily 
or Shaft. Note tho five facets on its each .side 
for the five pail’s of costal cartilages and tlu^ 
half facet for the 2nd Costal Cartilage on its 
upper edge on each side. 

(iii) In tho living body there is also a third part of 
the bone whicli is most often made up of cartilage 
called Xiphoid Cartilage or sometimes made up of 
bone called Xtphi-sternum. 

E. Upper Extremity or Upper Limb. Note in tlx’ 

articulated skeleton that each upper limb consists of 
the following bones:— 


Clavicle or Collar Bone j the 

„ , o, , , DJ j Shoulder girdle 

Scapula or Shoulder Blade 1, 

Mupterui or Bone of the Upper Arm. 


Vina 

Badiue 


Bones of the 
Fore-arm. 


Carpal ox Wrist bones 
Hetacarpal bones in the Palm- 
Phalanges or finger bones 


Bones of hfanus 
or the Hand. 



1. CLAVICLE OR THE COLLAR BONE. 

Select it and. note that it is a lon'g bouo having two enda 
and one body or shaft with two curves. Medial end 
articulates with the sternum and is called the Sternal 
End which is triangular ; lateral end articulates 
with the .4cromian Process of Scapula, and is 
flattened ; hoiioi* called tlic Acromtal End. 

You can distinguish the right from the left by noting the 
following : — 

(*) It lies horizontally in the ))ody with its acrf)mial 
flattened ci’d externalh’, and its rounded 
trtangular st(u-nal end medially; internal cniwo 
has convexity foj-wards and external ciir>'c 
has convexity backwai'ds. 

(m) There is a well marked grove on the under 
surface. 

8k«tch the bone and label its parts. 

2. SCAPUIjA OR SHOULDER BLADE. 

Note its ti'iangular shape with the veitex at the outer upper 
angle and its base at the vertebral border. At its 
vertex note the smooth shallow cavity — Glenoid 
Carity—iov the head of the humenis. Also note 
that there is a ridge of bone on ite back surface — 
Spine — which is prolorgofl outwai'ds into a process 
— Acromial Froetss — which unites with the clavicle. 
The back sux-faoe is convex and the front surface 
is smooth and concave. Note the beak-shaped 
process at its upper border — Coracoid Froceta. 

Identify the right with the left by noting; — 

(I) Glenoid Cavity is at its upper outer angle, 
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(«) There is the spine at its back surface on its 
upper part. 

(Hi) Coracoid process is at its upper edge. 

Sketch the bone and ehow all the points. 

3. HUMERUS OR BONE OF THE UPPER ARM. 

It is the longest and largest bone of the upper limb with 
an upper ai d a lower end and a body or shaft in 
betwoon. Distii’guish the right from the left 

(*) The upper ord is lound {head) and is pro- 
jected medially for aitieulafion with tlio 
Glenoid cavity. 

(H) TJie lower end is pulley-shnp''d with a single big 
depression-— Fo«sa — for the Ole- 
cranon of Ulna on its back suifaco. 


Sketch it. 

4. BONES OF THE FORE-ARM. 

(a) Ulna or the inner bone, i.e. the bone towards the 
little finger. 

Note that at its uppor end it has a beak-shaped projec- 
tion called the Olecranon Proceas behind and 
a smaller Coronoid Prooeas in front; and there 
is the smootli aiticular surface in iKjtween them 
with concavity forwaixls. Its lower end is voiy 
small and has a small projection (Styloid Process) 
on its inner part. 

Determine the side by: — 

(0 Olecranon is at its upper end with concavity 
forwards. 

(/f) Styloid process is at the smaller lower end at 
its medial part. 
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(«m) There is a smooth facet for the revolution of 
the head of the radius at the outer aspect 
of the upper end. 

fffi) The sharp edge of tljo bone for the Inter* 
Osseus Membrane is at its outer side. 

It is the longer of the i.wo bones of the fore arm. 

(ft) Radius or outer bone i.o, the bone towards the Thumb. 
Note in tliis that, unlike ulna, the upper end is smaller 
and the lower end is bigger. The upper end is round 
and lias a cup* shaped depression above for articlula- 
tion with tlio humerus, and the rounded collar 
like edge of upper end revolves on tlie facet at 
the outer side of the ulna. Determine the side. 

(*) Upper end is smaller, round and cupped. 

(«) Lower end is bigger and lias a smooth surface 
in front; and a grooved surface for the pass- 
age of the tendons behind. 

(m) Styloid process at its lower end is situated 
laterally. 

(ie) Sharp edge of the bone is directed medially. 
This bone is shorter than the Ulna. 

Note tliat in between the Styloid Processes of both bones 
there is a protected .space into wliich four Carpal liones 
of the First or Proximal row fit. 

5. BONES OF MANUS OR HAND. 

(a) Wrist Bones or Carpal Bones. They are eight, 
short cuboidal bones, an-anged in two rows of 
four each. They slide over each other to allow 
a free range of movements. 

(ft) Meta-Carpal Bones or the Bones of the Palm. 
They are five in number and are small sized long 
bones forming the palm of the hand in between 
the carpal and the finger bones. 
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(c) Jl^halangei ov bones of Fingers. Tii?y are three 
. in each linger and two in the thumb. Note 
how they are united to each other end to end. 
Draw 'a diagram of the whole hand. 

The teacher should pick up various bones out of tlie Tot and should 
ask students to identify the bones, and the side to which they belong 
to test their knowledge. 

F. Lower Extremity or Lower Limb. — Note in 
the aiiioulatod skeleton that each lower extremity 
consists of the following I'ores: — 


Pelvic, Innominate 
or Sip Bone. 


Forming one half of 
Pelvic Girdle. 


Femur or Thigh Bone 
Patella or Knee Cap. 


Tibia or Shin Bone. 
Fibula or Splint Bone. 


1 Bones of tlie Calf or 
l^tJie Leg, 


Tnrsal or Ankle Bones. 

Meta-tarsat or Bones Bones of tlie IToot or 
of the Instep. ItlioPes. 

Phalanges or Bones oj Toest\ 


1 . OS- INNOMINA TUM OR HIP BONE. 


It i.c a big iiTegular bone and is formed by the fusion of 
three parts which meet in the centre where they form 
a cup like depression called Acetabulum, on the outer sur- 
face, into which the head of Femur fits forming hip joint. 
The upper broad expajidikl portion is called Ilium (c. f. 
/fsurn— a part of the small intestine.) The lower thick 
partfoi’msa prominence on which we set and which 
touches the ground, and is called Ischium; and that pa 
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which meets in front with its feJlow of ‘the oj^Qsite'side is 
, . called Fiibta forming the Fubio Great. ■ , 

One can feel in his own body all these three paits, 

To determine the side note: — 

(*■' Acetabulum looks outwards. 

(if) Ilium is directed upwards. 

(Hi) Pubis is directed forwards ard medially. 

{iv) Ischium is directed downwards. 

Sketch and label its parts. 

2. FEMUR OR THIGH BONE. 

This is the loi^gest ard the strongest bone iji the body. 
It has a ahajt or body and an upper and a lower end. 
Tlie upper ei’d has a rounded ball-like head joined to the 
shaft by a narrow neck. The lower end has got two 
big prominences called Condyles. 

Note its various parts: 

(1) Head 
(?) Neck. 

(cJ) Two Promineneea on its upper end called 
Trochanter majua and Trochanter tuinua. 

(4) Shaft or body, 

(6) Lower end toilh two condyles. 

Determine the side by: 

(•) The liead is directed upwards and inwards. 

The tShaft ai d the lower extremity are convex 
forwards. 

{tii) There is a thick lidge or line at tlio back of 
the shaft called Linea Aapera. 

.3, PATET.LA OR KNEE-CAP. 

It is a small rounded disc-like bore in front of the 
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Knee-joint. It can bo moved from side to side when the 
log is extended and the muscles are relaxed. It is a 
hone through wliich the tendon of the muscles in front 
of the thigh gets attached to the Tibia. 

4. BONES OF THE LEO. 

(a) Tibia or Shin Bone. Of the two bones of the 
leg it is th(> stronger and lies on the inner side. 
It has an upper end, a shaft, and a lower end. 
Upper end is flattened and shaped to receive 
the condyles of the Femur. Shaft is triangular 
and its front edge is sharp ai’d proj(?cted 
})elow the skin, popularly cal!».>d “5Am.” 
Lower end l;as a prominence on its inner 
surface - the Internal Afa//eo/tM— and a part of 
the lower end articulates with the Aitragalue to 
form the ankle-joint. 

Determine the side by: — 

(») Head is upwards and flattened. 

(»i) Shaip sul>cutanoous margin of bone (shin) is 
forwards. 

(m) Malleolus is inwards. 

Sketch the bone. 

(A) Fibula or Splint Bone. It is a slender bone lying 
on the oxiter side of the leg. It has its upper 
end in cuboidal form and its lower end is elong- 
ated and forms the outer prominence called 
the External Malleolus of the Ankle. Its 
upper end joins with Tibia below the knee-joint 
so that the Fibula takes no part in the formation 
of knee-joint, unlike elbow joint. Also unlike 
I'adius to which it con-esponds, it does not 
rotate round the Tibia. 

Determine the side by noting:— 

(*■) Head is small and cuboidal, and is directed 
upwards. 
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(it) Ijuwov ovd is ciiJojigJitfc'fl Si'll tito BHiciiJai 
facet <m it is directed inwards. 

(iii) Littlo oye-liko dopi’cssion at tJiis facet is 
iioav the Iiindcr border. 

5. BONES OF T FIE PES OR FOOT. 

Tarsal or Ankle Bones. They are seven in 
luinihcr, unlike eight in th.o upper limb. 
Note tliat in Ijetween the two malleolii 
of Tibia and Fibula ard under the articular sur- 
faces at the lower ends of tlioso two bones you see 
a tliick l)one called Os Astragalus or Talus bone. 
This is the bone winch forms the ankle joint 
with Tibia and Fibula; ard flexion and 
exte])si(m uiovoments take place. Tiiis bone 
(Astragalus), in turn, is placed on another 
iiupoilant lame — ^thc lowest bone in the 
body — called Os Calcis or Os Calcaneous or 
ITeel Bone wduch is projected beliind to 
which is attached the strong Tendon of 
Achilles or Tendo Acktlis of the muscles of 
the calf. 

Mela-tarsals. Five in number. Note that 
they ai'o shoi+or and tliickcr than the 
luotacarpals, as they have to support the 
body weight. 

Phalanges. Are 14 in number (c.f. Phalanges 
ill hand) They arc small and tliick. 

Draw a ilingram of the foot as seen from above. 

Note the two arches of the foot, a Transveixo and a 
Longitudinal aich. They are meant to absorb the shock 
in walking and jumping, and give elasticity and 
. sinootlmess to our gait. 

N.Bi The teacher should also select various bones and should ask the 
students their names and the sides and how they fit into the body. 
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APPEARANCE OF A DECALCIFIED BONE. 


Ezpt. 1 . Got a piece of fresh bone from a butcher’s shop. 
Feel how Jiard it is. You can iKuthcr tout it easily 
nor press it. Weigh it and record its weiglit in your 
notebook with date. 

Next place it in dilute hydrochloric acid (2 %) in a glass jai'. 
If necessaiy after a few days’ inteival, cliange tlie acid. 

After a week or two take it out of the acid, diy it, and again 
record its weight. Note the difference in woigJit. It is 
lighter, more flexible and soft, and can be turned into 
shreds showing its fibrous nature. You can now bend 
it in any direction. Account for the diffenuico in 
weight and flexibility. 


N. B. Tlio reason for the above change is that tho dilute hydrochloric 
acid has acted upon and dissolved the earthy mineral sails, especially of calcinn^ 
which pervade the bone and make it hard i.e. the bone lias become decalcified. 
After this change, only the organic matter remains which can be bent. 


Next place the decalcified, flexible bone in lime wato]' 
and cliango tlio lime water daily for a long period. Nott^ 
the difference, if anj', and explain. 

Calcium may again get entangled wdth the organic matter and so the bone 
may become hard. 

Expt. II. Next take another piece of bone. Weigh it and 
reooi’d. Then place it iu an iron spoon and keep it in 
the middle of red-hot fire for 20 minutes. See tljat it 
becomes brittle and cinmbles to a w'liito powder on 
touching. It retains its shape. Weigh it, and nob* 
the difference. You cannot now bend it, but you can 
easily break it. The organic matter is all burnt and the 
mineral matter i.o. the calcium salts, remains as tho ash. 



From these experiments write roughly the compositioli 
of the bone. Wliat is the difference in the composition 
between the boi:e of a small child and that of an old 
man ? 

lu old men the bones contain more calcium and less organic matter, hence they 
are easily broken. In children they contain more organic matter and less calcium 
and so they do not easily break hut get bent, hence the Green-stick fracture 
in them. 


From thopG two cxpeiiments what do you infer regarding: — 
(n) the proportion of organic ard inorganic matter 
prosert in the hone, 

ard (6) the function of organic ard inorganic matter in 
the bone? 

The teacher should explain to the class why we did not use strong hydro- 
chloiic acid in the first experiment, as it would have burnt the organic matter 
also* 





TYPES OF JOINTS. 


When two or more bones meet together they form what 
is called a Joini or Articulation. Joints are divided 
into two classes:— 

(1) ImmovSible or Fixed Joints. 

(2) Movable Joints. 

IMMOVABLE JOINTS. They are classified into: — 

(o) Sutures and 
(6) Symphysis. 

(o) Suittre*. These are formed by the inter-locking 
of the bores of the skull. These bones arc 
firmly united together by a saw-like edge of 
one bone interlocking with the similar edge 
of the other bone to form a bony union 
called Suture*. These joints permit little 
or no movement. The object of these joints 
is to give considerable strength combined 
with rigidity to the bones protecting the 
brain inside. 

(6) SymphyatB. Here the articular surfaces are 
covered by an articular cartilage and are 
connected by a broad disc of fibrocartilage 
e. g. Sympbj’sis Pubis, and the joints lietween 
the bodies of the Vertebrae. The bones are 
firmly joined together by ligaments. Slight 
movement is possible in such joints. 

MOVABLE JOINTS. These joints allow one or more of 
the following movements:— 

(1) Flexion: — Bending of a joint. 

(2) Extension: — Straightening of a joint. 



(3) Adduction:— Movement towaixJs the mid-line of 
the body; or, in the case of fingers and toep, 
towai'ds the mid-line of band or foot. 

(4) Abduction .•—iMovement away from the mid-Jino 

of the body or, in the caso of fingers and toop, 
away from the mid-Jinc of hand or foot. 

(5) Rotation: — Movement along the long axis of 

the movable bone or movement round the 
long axis of the fixed bone. 

(0) Circum-duction: — Combination of all the 
a.bove movements. 

The movable joints are classified into: — 

(n) Ball and Socket Joint. In tliis the rounded ball- 
like head of one bone fits into the cup shaped cavi- 
ty of the other bone e.g., hip and shoulder joints. 
Tliis kind of joint allows all the movements. 

(A) Hinge Joint. The bones are uni+cd like the 
hinge of a door and like that allows only two 
movements, flexion and extension, e.g. knee, elbow 
and inter-phalangcal joints. 

(c) Bitot Joint. In this joint: — 

(i) Either one bone forms a fixed pivot around which 
the otlier bone rotates like a ring (the ring 
being foiined paitly of bone and partly of liga- 
ment) e.g. the joint between Odontoid process of 
Axis and the Anterior Arch of Atlas by which we 
move the head from side to side i.e. the Atlas 
(ring) canying the skull with it moves round 
the Odontoid Process of axis (pivot). 

(ii) Or the pivot- like process of one bone rotates 
within the ring formed -partly by the other bone 
ar.d partly by ligament e.g., the proximal radio* 
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iifi)ar jf)mt by wliicli t.ho movements of supinatiun 
ard pi'onation occur (i. c. m(n’emo7it of tiio 
foreaim with palm upwards or witli palm 
downwaixis). Here the i-ound head of radius 
revolves in the ring formed by tlio I'adial notch 
of the ulna and the am)ular ligament. 

(d) Gliding Joint. In this joint the various bones form- 
ing tJie joint glide or slide over each other o.g. in 
joints between caipal and tarsal bones, jaw- joint, a 
joint between acromial ord of clavicle and 
acromial process of scapula, joints lietween arti- 
cular processes of the veiiebrae etc. 


Study all the joii'ts in jr.ur body ard tabulate tis under : — 


Name of the joint. 

'ryi>© of the joint. I 

i 

Boues forming 
the joint. 

Movements allowed 


j 

i 



Get fi’om ti e butcher’s shop a shoulder or an elbow joint 
of a sheep and study tlie mecl anism of jointe. Note 
tliat the joint is covered all round by a bag like thing 
called the Capsule oj the Joint which is made of fibrous 
tissue. This capsule is at some places much thicker, 
and these thick and firm bar.ds arc called .Ligaments 
of the Joint. Also note that tlie bores forming the 
joint aie not bare but aie tipped with a voiy tliiji 
plate of caitilage called Articular Cartilage. Also see 
that the whole of the cavity formed by the capsule is 
lined by a thin inQinbi’ane called Synovial Membrane 
which secretes Joint Oil'* or Synovial Fluid which lub- 
ricates the joiht. • * , 

M ake a diagram of this joint showing all these details. 
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NATURAI. LEVERS 


A Icvor is a rigid bar or rod which movea about a ceiiain 
fixed point, called Fulomm “F". The force fpent 
in using the lever is called Power “P”, and the work 
done or resistance overcome is the weight “W”. Tims 
a lever is an arrangeinejit for applying force in the 
easiest possible manner so as to cause movement or 
overcome resistance. The chief movements of the 
limbs aid head p-^rformed by the skeletal muscles 
are e.xamples of the principles of lever. 

Tlie ratio wliich the work done by a machine bears to the 
power spent is called the ilodtUuB or Heehanical Advan- 
tage of that machine. The Modulue is positive when the 
ratio is greater than J, or negative when it is less 
tlian J, i.o. when modulus is greater than 1, there is 
mechanical advantage in using the machine, and 
when modulus is less than 1, there is disadvantage 
in using that machine. The distance between “F’* 
and “P” is power-arm^ and tliat between “F” and “W’* 
is tee-ght-arm,. Suppose “P” denotes power spent, and 
“W*’ denotes the woik done, tb.on 

Px Power arm is alwaj's equal to Wx Weigbt*arm. 

. ^ W _ Power-arm 

i.c. p — 

W 

But p- =■ Modulus of the machine. 


Hence Modulus ‘‘M” = 


Power-arm 

Weight^arm 



Level’s are divided into thi’ee " kinds or oidere 
to the relative positions of F, W and P. 


according 
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JF^rst Ordor. Here F is between W and P. The conunon 
balance, or the pair of scissoi’s, is a very good exam- 
ple of it. In suoli a lover any arm may be bigger or 
both may bo equal, so M = 1 oi' loss than 1 or greater 
than 1. 

Study the following examples in your own body : — 

(o) Nodding movemetit of ike head. Horetho Fulcrum 
is the joint between the condyles of the Occipital 
bone and the Atlas Vertebra., and the muscles 
in front and back of tlic neck attached to the 
front and hack of the skull are respectively the 
Power and- the Weight jus the Jiead is moved 
forwards ; *and vice versa wJion the head is 
moved backwards. 

(J) Bxiemion of the fore^arm by trieepa at the back of 
the arm. Triceps is attached to the tip of the 
Olecranon of Ulna. Then adjacent to it is the arti- 
cular surface of the Ulna forming the elbow joint. 
In front is the woiglit of tlie fore-arm and hand. In 
straightening the fore-arm PoAver is exerted by 
the Triceps at the tip of the Olecranon, and Pul- 
ci-um is tlie elbow joint in the middle, and the 
weight of the fore-arm and the liarid is at the othei" 
end. P is applied at the oiid of the sliort arm, 
thus secures rapidity of action and a wide range 
of movements. 

(<?) Working on a sewing machine with foot. P is at the 
ankle-joint, tendon of Achilles attached to Os Cal- 
cis (Heel bone) is the P, and Weight is at the toes 
where the machine is pressed down. 

Sketch these showing F. W. and P. 

Second Order. Here W is between F and P. 

In this FW (Weight-arm) is always smaller than FP 
(Power-arm), so M is always greater tlran 1 i. o. 
there is always mechanical advantage in using this 
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machine. Common example in daily life is a man lift* 
ing a wheel-barrow or breakiiig a nut witJi a nut- 
cracker. Note the following examples in your own 
body: — 

(a) Baiting the body on the toPB. AV ben we stand on 
tip-toe, the calf muscles raise the body by applj'- 
irg force at the Os Caleis through the tendon of 
Acliilles and the Weight is that of the whole body 
tiansmittod through the ankle-joint. Fulcrum is 
the spot where the toes touch the ground. 

(ft) Lifting one leg off the ground. . In this hip-j(nnt 
is the Fulcnini, Weight is inat Kf the thigli, leg, ard 
foot, felt a little above tlie knee joint and Power is 
applied by the muscle ■which extends from liip-bone 
to knee-cap at tibia a little below the knee joint. 

Sketch showing F. W. and P. 

Third Order. 

Hero P is between F and W. In this FP (Power-arm) is 
always smaller tlian FW (Weight arm) i, e. M is 
always less tlian 1 i. e. rapidity and a wide lange of 
movements are gained at the expense of power in using 
this machine. 

Common example in eveiy day life is liolding anjdlung 
by a pair of tongs. 

Note tJio following in your own body : — 

(a) Bending the fore-arm. In this F is at the elbow- joint, W 
about the middle of the fore-arm is the weight of the 
hand and the fore-arm, and P is applied by tlio Biceps at 
the Eadial tuberosity in between the middle of the 
fore-arm and the elbow joint. 

(ft) Exteueion of leg after bending. In this F is at the 
knee-joint, leg and foot are the weight to be moved, 
and P is applied at Tibial tuberosity by the extensor 
muscles of the thigh in between the knee-joint and the 
middle of the leg. 
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Sketch these showing F. W. and P: 

Study the following movements, sketch them, showing 
the positions of F, W and P, and thus deduce to which 
kind of lever each belongs and tabulate as under:- - 

1. Canying a liea^y ball in the palm. 

2. Bending of tlio leg. 


Movement. 

1 

Position of P, W aud P. 

Order of the Lever- 

1. 






VXSCJSRA IK A DISSECTED BABBIT. 

Note that there are two large cavities in the trunk which 
are separated by a dome-liko partition made up of 
a muscle called Diaphr»gm. Note its convexity towards 
the upper (Thoracic) cavity, and its con-cavity towards 
the lower (Abdoiniral) cavity. 

Study the organs in both the cavities separately, first in 
an undisturbed cordition (i.e. in situ), ai d then by 
displacing them or even, if need be, by dissection. 

1. Abdominal Viscera. 

(A) IN SITU (UNDISTURBED). 

Note that all the organs in this cavity are enclosed by a 
thin membrane which forms a cover for all, called the 
Peritoneum. Cut the peritoneum in the middle and 
reflect it on either side, and note: — 

(1) Liver. A largo dark red mass lying just un- 

derneath the diaphragm having five parts 
or lobes. In human beings there arc only two 
lobes, left smaller than the right. Liver 
is mostly on the right side. 

( 2 ) Stomach. It lies in the mid-line, is of a bluish 

white colour, sometimes distended with food 
and is partly covered by lavei*. Only a small 
portion is visible in situ. 

(3) Small Intestine. Note several coils of a whi- 

tish worm-like tube slowing waves of contrac- 
tion (Peristalsis) in a freshly killed animal. 
Those are also ihostly distended with gas. 
They are partly covered by the large intestine. 

(4) Large Intestine. It is a wide,, sacculated gi’ey 

coloured tube covering most of^tho abdominal 
viscera and runs across the abdomen. 





20 


(6) Urinary Bladder. In tho mid-line at the lower 
part of tie abdomen you may see a thin waJIed sac 
partly visible and partly hidden liehind the symphy- 
sis Pubis. It can be easily seen coming out from 
behind the Public bones when full of urine. 

Draw a diagram of the aMominal viscera in situ. 

(B) DISTURBED. 

(1) Tilt the liver upwards ard note on its under sur- 
face a green elongated p^ar-sliapod bag known as 
tho Oali JBladder. 

(2) Pass your finger from the front surtace of the 
stomach upwards and towards tJie left, you will 
note tliat the stomach decreases in width till it 
pierces tho Diaphragm. This is the junction of tho 
Outlet with the stomach called tho Cardiac 
Orifice. This is the upper end and opening of 
tho stomach. Also note the lower end called tho 
Pyloric Orifice which is towards the right of 
mid-line, where it joins with the small intestine. 

(3) After turning the stomach upwards you will find 
on its under surface and a little towai’ds the left 
the Spleen which is small, flat, dark-red and elongated. 
It is attached to the cardiac end of the stomach by 
a sheet of peritoneum. In human beings it is to the 
loft of tho stomach and not under it, and is much 
larger. 

(4) Trace the small intestine from’ the pyloric end to its 
junction with the large intestine. 

(o) The first part is called the Duodenum. It forms 
a C shaped loop with its con-cavity towards the 
left. It ends at a sharp bend. In its con-cavity 
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you can easily see a white and elongated, diffuse 
gland called the Pancreas consisting of a number 
of small lobules looking like masses of fat spread 
all over the mcsontaiy which connects the two 
limbs of the duodenum. 

(ft) Also note tliat a tube — the Common Bile Dad — 
cntoi’s the dorsal side of the doudenum by a pro- 
minent aperture a shoi’t distance beyond the 
pylorus. See that the common bile duct is form- 
ed by the union of several llepalic Duds from the 
lobes of the liver with the Cystic Duct from the 
gall-bladder. 

(<?) Note that the small ducts from the various lobulc.s 
of the pancreas mn togetJiei- to form the main 
Pancreatic Duct which opens, independent of the 
common bile duct, into the distal limb of the 
duodenum nearly two inches beyond the bend. 

(d) The remaining part of the small int+^stino beyoi’d 
the shaip bend is called the Ileum (c. f. spellirg 
of Ilium — a part of liip bone), Sometiines the 
fimt one-third of this Ileum is called the jejunum 
and the remaining two-thirds is called the Ileum. 

At the junction of tho ileum and the large intestine note a 
valve called the /teecogcal Valve. The whole of the 
small intestine is 7 or 8 feet long. 

(5) Then examine the large intestine. 

(rt) The firat pai*t with which the ileum joins is the 
tliin-walled hlind gut or Caecum. See that it 
is very wide and is dark grey in colour, and lies 
coiled on itself. It is recognized by having a 
■ spiral constriction throughout its length. It ends 
blindly in a small finger-like Vermiform AppeniUx, 
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Note that the ileum joins the caecum about au 
inch jErom the end opposite to tlio venniform 
appendiaS-^d tliat the lai’go intestine beings from 
the saitte end. Caecum is much larger in rabbits 
than in man. 

(J) The second part which nins obliquely across the 
abdomen is the Colon. Its walls are sacculated and 
is about IJ feet loi’g. It is narrower tlian the 
caecum. 

(c) The colon passes insensibly into the tliiixl, still 
narroAver part called the Reolnm. It is nearly of 
the same diametor as the small intestine. It is 
the last part of the large intestine and is easily 
recognised by its containing pellets of faecal 
matter here and there. Its walls: arc not sac- 
culated. 

Compare the positions of the different parts of the large 
intestine of human beings with tlioso of the labbit 
by looking at the Physiologj' chart. 

Next till’ll all the intestines to your I’ight, and see the 
organs at the posterior wall of the abdomen. It 
may be necessai’y to do a little dissection. 

Note that : — 

(I) There are two bean sbaped dark-red organs— 
the Kidneys — attached to the dorsal wall, 
one on either side of the vei-tebral column. 
The right one is slightly moi’e towards the 
thorax than the left. In front of each towaids 
its inner side one may note a small yellowish 
body — Adrenal or Suprarenal Gland — on 
either side of the Aorta. 
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Seo carofuJly tlio iiiner margins of both tJie kid- 
neys, Y ou will find that from e^ich a fine white 
■tvibo passes downwards. Trape them Ixjlow and 
see that they enter the Urinai'y Bladder, These 
are called the Vreter$. See also the blood 
vef-sols of the kidneys, the thick reddish arteiy 
entering in, and the bluish vein coming out. 

(a) Note tl'.at the intestine is hung up to the post- 
erior wall of the abdominal cavity by a double 
layered thin trarsparent membrane" — the Me- 
sentery . This thinr piembrane also covers all 
the aldomhral viscera ard is then called the 
Feritoneam. 

Examine one of the coils of the small iutest- 
iiio, Passii:ig from its border is a thin trans- 
piiTcnt membrane containing blood vessels. 
This membrane attaches the intestine along 
its whole length to the veiicbral column at 
the back of the abdomen. This is called the 
Mesentery as explained above. 

(4) Going by the side of the vertebral column note a 
big blue blood vessel called the Injertor Vena 
Cava. Also see the abdominal Aorta— -a big 
red tliick blood vessel entering the abdominal 
cavity after piercing the diaphragm at the 
back of the stomach, downwaids a little in 
front of the vertebral column. 

Next note the throe openings in the diaphragm viz: — 
the first for the gullet, the seobnd for the abdominal 
aoria; and the thiidfor the inferior vena cava. Out of 
these, the hole f orihe aoria lies most posteriorly and a 
little to the left of mid-line; the bole for the gullet lies 
most anteriorly and in the middle or a little towards 
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the left; and that for the inferior vena cava Jies behind 
the Jiver much to the right side of the mid-line. 

Make a diagram of the posterior abdominal wall with the organs 
you see there. 

(5) Urinary Bladdir, It is a thin walled sac in the lower 
part of the abdomen. 

(()) Splren. It is an elongated dark red body lying behind 
the stomach and attached to its loft end by a sheet of 
the mosenteiy. 

2. Thoracic Viscera. 

Examine the thorax and see how it is made. It is a bony 
cage made up of 12 domal vetebrae, 12 paim of ribs 
and a breast bone. 

(1) The first thing you see in this cavity is the Heart. 

It will be found beating in a freshly killed 
rabbit. Maj'k that it is lying more to the left than 
to the right of the mid-line of the body. Also note 
that the organ is completely covered in a thin trans- 
parent sac called the Pericardium. 

Remove the pericardium by dissecting it. Then note 
that the heart is dark in colour and conical in 
shape, the apex being directed downwards and 
slightly to the left and fomards; and the base 
with the roots of the great vessels upwards and 
sh'ghtly to the right and backwards. If the heart 
is still beating you can easily note that the upper 
part thereof (Auricles) contracts fimt and the 
lower part (Ventricles) afterwards. 

(2) On either side of the heart you see a big spongy 

reddish organ of respiration called the Lung. 

(3) Coming down the neck and entering the thorax one 

can easily see a tube which as it 
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gocH downwards diA'idos into two branches, 
ot;c going into eacli Inng. TJiis rigid tube 
is known ns tJio Trachea and its branciies are 
called tlic Bronchi (si7 g. Broi:cl«is). Rigidity 
of tile trachea is duo iis containing in its 
wall C shaped rings of cartilage deficioiit 
belli i;d. 

Note:— The teacher should explain to the class ^\hy the rings of the 
caitilag© are deficient behind. 

(4) Bebird the traehea ono can see a soft tube which 
contii'iies from the nock into the tliorax 
aril crosses the cavity in the mid-lino, and 
loaves by piercing tbe diapliragm. This flexible 
tube is called the Food pipe or the QuHet or 
the Oesophagus 

Now >()U should examino the blood vessels eutorirg 
apd leaving the heart. In the upper chambei's 
(Auricles) enter tlie following blood vessels: — 

On the riglit side throe big vessels, blue in colour — i.e. two 
Superior Vera Cava from alovc and one Inf- 
erior \'ena CaAa from below; on the left small 
Pulmnory Veil s wliicli arc red in colour and 
two in l umber. From the lower cliambei-s 
(Ventricles) come out two big blood vessels 
i.e, Pulmonarj- Arteiy, blue in colour from 
the right, and Aorta a big red vessel, from 
the loft. 

By jnilling out a lung you can know that it is enclosed 
in a very tliin membrane called the Fleura. 

Make a skctcli of the thorax showing its' contents 
and boundaries as seen from the front. Givo 
the functions of the various blood vessels 
- entering and leaving the heart. .... 

j The description {iitpo in this chapter is that of a rabbit lying' on 

Its rack Ob the liissectiou hoard 'with its ventrnin facing "os iwid' head* npvards 
and tail downwards. ■ • . i. 





tHE HEART. 


Get a fboep’s Jioart from a biitdiov ai d see that it is 
wholly covered by a thin tvarspareiit inondjvanons sac 
. .caJh'd the Fetinardinm. Distirsjiiish tlie front (Anterior) 
"sui'face from the 1 ack (Postci-i(tr) one by: — 

(1) The apex of the heart is formed entirely b>’ tlie 

left ventricle. 

(2) Tlio intor-VGiitricnlai’ i^roove is more distinct 

ard quite well marked in front. 

(3) The front aspoed of tlio heart is more convex. 

This you can oidy sec if tho heart is quite 

hardand tirm at tlie time of the examination, 

Homovc the pericardium l)y a little dissection and see that 
tho heart is divided by a white horizontal groove into 
an upper and a lower pait. 

The upper part is smaller and collapsed, and is 
formed by the Auricles (looking likn ear) or tho 
' receiving chambers, and tho lower part is bigger 
ard thicker and is formed by the A ' entrioies or tho pro- 
polling chambem. 

Place tho heart with tho front side facing you ard the 
auricular part above ard the ventricular part below. 
In this position note that tho apex is below ard tho 
1 ase of the heart is above (the shape of the heart being 
like a cone). Oji your nght of the inter-ventricular 
gi’oovo is tho left ventricle forming the apex, and on 
your left is tho right ventricle. Note .that the walls of 
left ventricle are thick ard firm as compared with 
the right ventricle. Also note tliat the walls of tho 
amides .are much thinner than those of tho ventricles. 
Along the auricles you will find deep-red or puiplo 
coloured fleshy masses called the Auricular Appendages, 
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Next find out the blood vessels entering and leaving 
the heart. Into the right auricle open the Superior Vena 
Cava and the Inferior Vena Caoa. Intci the left auricle 
open the two Pulmonary Veins (in human beings there 
are four instead of two). From the right venti^le 
comes out tlie Pulmonary Artery which tlion divides into 
two branches, one for each lung. From the left ventricle 
comes out a very big artoiy, the curved Aorta which 
supplies pure blood to the whole of the body. 

Draw a diagram of the heart showing the bood vessels 
leaving and entering it. 

Then cut the heart to show the inside of the four chambei’s 
of the lieart. Examine the inside of eacii. 

(1) The interior of the auricles has some comb- 
shaped masses ( JMusculi Peetinati ). Pass 
a probe from the superior vena cava and 
inferior vena cava and sec that it roaches the 
right auricle. Similarly see that the two 
pulmonaiy veins from the lungs go into the 
left auricle. 

, (2) Note the opening l.otwoen the light auricle 

and the right ventricle called the Bight 
Auricula Ventricular Orifice which is guarded 
by a valve ( a mechanism which allows 
blood to flow in one direction only) called 
the Tricuspid Valve with three flapi or eusps. 
Note that the throe cusps are triangular 
in shape with their bases attached to the mar- 
gin-s of the orifice. To the apices and the sides 
of the flai>s are attached very fine thread-like 
strings called Chordae Tendinae (Cord-like 
tendons) and these, in their turn, are attached 
to little mined projections of muscles on the 
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inside of the‘* right ventricle called Musculi 
Tapillarea qif Papillary Mmoles. These are 
found in each ventricle. Also note that the 
cliordao tenclinae are just h)ng to allow the 
throe flaps to close the orifice so that the flaps 
cannot fall into the auricle. 

(3) Note that the walls of tlje ventricles ai’o 

more rougli than auricles. 

(4) Next sec cai-cfully the opening of tJio pulmo- 

nary artoiy from tJ»e right ventricle. This 
opening is also guaided hy a valve called 
\hQ Semilunar Fa/»«(half moon). Note that 
the valve consists of three pockets or cups 
appearing like half moon which open 
towards the artery and are attached 
towards the ventricles. These pockets allow 
the blood to pass over them from the 
right ventricle to the pulmonaiy artery, 
but when the blood tries to go back from the 
pulmory artery' to the right ventricle ( i.o. 
when the’ right ventricle is in a state of relax- 
tion), the pockets get filled with blood and meet 
in the centre, ai d thus the opening is closed. 

(o) Running across the cavity of the right 
ventricle you can also see a muscular band, 
which extends from the anterior wall to the 
ventricular • septum. It prevents over-disten- 
sion of the ventricle and so is called the 
Moderater Band, This sti-ncturo is absent in 
human hearts. 

(d) Next examine the left auricle and the left 
ventricle and see all the sti’uctures which you 
saw on the right side excepting: — 

(a) Instead of superior' vena cava and 



inferior vena cav^ there are two pulmo- 
nai-)' veins. 

(*) Tiio vaJvo at tiie ieft auriculo-venticular 
opening is the Bicuspid or tJio Mitral voice 
foi-nio(l (jf tw(» ensps only. 

(c) Tiio inoderato]' hand is absent. 

(rf) The cavity of tlie Jeft ventricle is bigger 
tlian that of the right ventricle. 

(«) The walls of the left ventricle are much 
thicker than these of the right ventricle. 

(/) Aorta comes out from the loft ventricle 
instead of the pulmonary' artoiy, and 
they cross each other after origin, pulmo- 
naiy' artery being in front. 

(g) The apex of the heart is fornicd by the left 
ventricle. 

. 1. Sketch the dissected heart and the things seen. 2. Make a rough 
sketch of the heart and show the circulation of the blood through 
it by arrow-heads. 

THE TRACHEA AND THE LUNGS. 

Get from a butcher the trafchoa and the lungs, of a sheep or 
• goat. Examine the Trachea. See it is a tube which 
‘‘ loft to itself remains widely open. 

This is becauso it contains a series of cartilaginous rings, joined to each 
olheri which are incomplete on one side i e. they are 0 shaped* 

Tliis side where they are incomplete, is filled by a thin 
membrane which forms the back of the trachea and is in 
-contact with the food ppe. 

•The tocher , here should explain to the class the value of these 
rin^ in always keeping thotiachea open and why they are incompelete 
behind. 
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Trace the trachea below ard see that it dividea into 
two bi-anches (Bronchi), each bronchua going into 
each Jung. The placo where the bronchus ontoi-s 
the lung is called tlio Boot of the Lu»g which consi.sts 
of a bronchus, a pulinonaiy ai+ory, a pulmonary vein, 
nerves and lymphatics. Note the smooth inner lining 
of the trachea. 

Lunge are soft, elastic, spongy stmetures somewhat coni- 
cal in form and of a pinkish coloiii'. Note that 
each Jung consists of a numboi- of Jobos 

or parts (in Jiuman beings two in tlio left and three 
in the right). The outer surface of cacli lung is 
patchy and p’gmcuted. Press it and see that it 
crepitates and some frotJiy fluid comes out. WJien 
released it resumes its position duo to elasticity. 
By bellows you can blow air into the lungs and soi’ 
that they swell up and incioaso in si/.c. If the 
lungs are placed in a trough in water they float. 
Why? 

Cut one lung boldly with a knife and see the opum’ngs 
of little bi'onchial tubes which are patejit lierc and 
there. Some blood vessels may also bo seen, 
sketch the trachea and the lungs showing lobes etc. 

THE KIDNEYS 

Got a sheep’s kidney and proceed to examine it. ■ 

0) Note the general shape. It is a dark red, 
bean*shaped organ. Its exterior border is 
convex and interior is concave. Its anterior 
and pofiterior surfaces are convex. About 
the middle of its inner boixler there is a 
depression or cleft called the Hiltim or the 
Silue, the place where the three stnictures (the 
renal arterj', the rdna>b vein and the ureter) 
either leave or eiiter the kidney. 
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(2) Eaoh kidney is covered by a veiy thin meiiib* 

rane called the Gapmle of the kidney, 

(3) Prom the three structures which enter th^, 

lulus, select a white tube {Ureter) and se^ 
that it is wide as it comes out of the kidr"; 
ney; and as it runs down, it naiTows. Trace it 
down and see that it enters into the urinary ” 
bladder. 

Then dissect the kidney loivjitucb'nally from the outer bor* 
dor to the iimer into two halves. 

Note: — 

(o) The outer darker, and granular poiiion called 
the Cortex, The granular appearance is caused 
by the presence of Bowman*e Captulee, or 
Malpfffhian Capeulee, 

(b) The inner part lying next to the coiiox is the 
h'tedulla. It is paler and lighter in colour, and 
is sti-eaked in appearance. Note specially the 
conical, red, streaked masses with tneir ^’ces 
inwards, and bases directed peripherally. These 
arc called the Pyromide. They are six in sheep’s 
kidney and 12 in human kidney. These pyra- 
mids open into a funnel-shaped cavity formed 
by the expansion of the ureter within the 
kidney called Pelvis of the kidney. 

At the ap’ces of the pyramids one can see veiy minute 
openyigs which arc the openings of the Urini- 
feroue Tubules. Press the pyramids and you will see 
the urine pouring into the pelvis in tiny ^oplets. 

The innermost pai-t is the Pelvis of the kidney. 
The pyiamids divide the pelvis of the kidney 
into a great many cup-like portions which are 
called the Calyoes. The pelvi- communicates 
with the ureter. Pass a bristle from the p^lvi8 
into the ureter. Also see the bloodvessels of 
the kidney. 

^eteh the,, kidney as a whole and as dissected; and 
label their parts. 
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MODEL OF BYE 

Note, in the model of the oye put. Iwforc yt)u on the tahlo 
that: — 

(1) It is a round balHiko organ, to tho back of wliich 
i« attached a stalk like tiling e.alled the Optic 
Nerve. 

(’2) (a) Tho anterior l/5th of the ball bulges slightly, 
being a pori.ion of a smaller sphere, called 
tho Cornea which is transparent. Through this 
you see a coloured, streaked, round cuitain — Iris — 
having a central voiy dark round hole in it called 
' the Fupil. 

{b) The posterior 4/5th is thick, white, and ojnuiuo 
called tho Sclerotic coat or the fibroua coat 
or the outer coat or th Sclera. To its outer side see 
tho attaclunonts of the six nmsclos of tho 
oyc-tiall. Tho cornea is a jiart of this coat with 
this difforonco that it is thin and transparent.. 

Tlie leacher should explain the movements of the vpious muscles of 
the eye-ball by telling their origins and attachmentSf i. e. ^the four recti and the 
two oblique muscles* 

(c) Note that the optic nerve ontei's tho interior 
of tho eye-ball by piercing tho outer coat. 
AVhat aro tho uses of tliis coat? 

(;1) Tho Middle coat is tho vascular coat because it sup- 
plies nourishment to tho otlior coats. It is divided 
into two parts as follows: — 

(a) tho hinder pari, inside tho sclera is called 
tho Choroid. Note it.s black colour. WJiy ? 

(A) Tho through tho cornea and lying 

liehind it, is called t.ho Iris. It is like a 
curiaiu and lies some distance behind tho cornea, 
and is nearly flat. It is not curved like cornea or 
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choroid. Its colour diffei's with individuals, 
and races. It is seen to be made up of radiating 
rand circular fiin-es. 

(<?) There is a rounded hole in the centre of tlic 
ii-is called the Pupil. It is through this hole that 
raj’s of light pass into the eye. Through the 
cornea you see the pupil like a round, j^all, 
vciy dark spot. The pupil gets bigger in shade 
and smaller in light due to the movements of 
the muscle fibres in the iris. 

The teacher should explain how the contraction and dilatation of the pupil 
is brought about by telling that there are two kinds of fibres, the radial and 
the circular. 

(fl) >Soc the I'otating folds or i)laits into which 
the choroid is thrown, before it jiassos into 
the iris called the Ciliary Processes, Between 
the ciliaiy proi;esscs Ix^hind and the cornoo*sclcral 
junction in front there is a circular band of 
muscle called the 0*liary Muscle which arises from 
the inner surface of the junction of the cornea 
and sclera and passes backwaids to be insei+ed 
into the outer surface of the junction of the choroid 
and the iris. 

What is the functioii of the ciliaiy muscle and the ciliaiy 
processes? 

Note that the optic neivc pierces the second coat also. 

(4) The Innermost coat {Retina) is the neivous coat. 

Mark that it is only the expanded part of the optic 
ncivo. It lies inside the choroid and extends 
forwards to the same length. 

(5) The Crystalline Lens : — 

See that it is placed just behind the iiis aixi 
the pupil. It is biconvex, clear, and transparent. 
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It is wholly covered by a tliin transparent memb* 
rane called tlio Capsule of the Lens. It is held in 
place by a ligament attached to the outer surface 
of the capsule of the lens. This ligament in turn 
is attached to thcciliaiy processes which make the 
lens thicker or thinner during Accommodation. 

((>) Chambers : — 

The ^paco between the iris and the cornea is the Anterior 
Chamber filled with a wateiy tim’d called the 
Aqueous Hutnoui', and the space between the lens 
and the i-etina is called the Posterior Chamber 
filled with a thick gelatinous tiuid called the 
Vitreous Humour. 

The blood vessels in the eye-ball may also be soon. 

The teacher may obtain a sheep’s eye and may place it in ice fora day or 
so. After that period it will become hard. Then with a sharp razor 
it may be cut cleanly from front to back into two equal halves. AH the 
structures mentioned above can be easily seen in this. 

(1) Sketch the eye-ball showing the three coats, two 
chambei-s, and the lens. (2) Sketch the path taken 
by the light rays to roach the retina. 



MODBL OF TBB BAB. 

Koto in the model of the ear provided, that it is divided into 
three parte; external, middle and internal ear. 

The External Bar. It consist of two parts : — 

(n) An outer expanded part which projects from the 
head outwards called the Pinna or the Auricle which 
is popularly called Ear in English. It is thrown 
into elevations and depressions and is made up of 
cartilage covered with skin. It is to collect and 
direct the sound waves. 

(6) From it leads a canal inwards called tlic Exter- 
nal Auditory Canal which is cai'tilaginous in its 
outer paii and bony in its inner part. These parts 
are covered by skin and mucous membrane res* 
pectively. Its outer opening {External Auditory 
Meatus) is open while its inner opening is closed 
by a white thin membrane called the Tympanic 
Membrane or The Membrane of the Drum of the Ear. 
This scpai’ates the outer ear from the middle car. 
The soxiiid waves strike against it, and set it in 
motion. 

2. The Middle Ear or the Tympannm. 

This is a small cavity with four walls, a roof and a 
floor in the substance of the temporal bone itself 
as if it is excavated into the bone. Note that: — 

(1) The outer wall is mainly formed by the tym- 
panic membrane. 

(2) In its front wall near the floor and inner wall 
there is an opening of a tube which runs 
fonvaixis and inwards to the pharynx called 
the Eustaoheau Tube. So it connects the middle 
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ear with the throat to equalise pressure on both 
sides of the membrane of the dnim; and saves 
the membrane from rupturing in case of sudden 
noise e.g. explosion, etc. 

(3) There are two small holes, each fitted with 
a membrane on the inner wall. The upper 
and posterior one is oval in shape and so is called 
the Oval Window (Fenestra Ovalis) into wliich 
the foot-plate of the stapes bone fits. 

The lower and anteiior one is round in shape 
and so is called the Round Window ( Fenestra 
Rotunda ). 

(4) On its posterior wall there is a hole by which the 
drum is connected with the spongy bone behind. 

(6) The roof is formed by a thin plate of bone which 
separates it from the brain which lies above it. 

(6) The floor is also formed of bone which separates 
it from the Internal Carotid Aitexy’ as it entei-s 
into cranial cavity. 

Then see the things lying in this chamber. These are 
three tiny bones or ossicles, viz: — 

(•) Malleus 

(*«) Incus 

and (m) Stapes 

Note that the Malleus is shaped like a hammer, heiice 
called the Hammer Bone and is the outermost bone. 
Its handle is attached to the centre of the inner side 
of the tympanic membrane and stretches across 
the cavity of the middle ear. This bone is attached 
medially to the Incus or the Anvil Bone which in turn, 
is attached to the Stapes or the Stirrup Bone, Note 
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that the foot'plate of the stapes is attached to 
the upper and posterior opening on the medial 
wall of tlio cavity i. c. the ovahwindow. 

3. The Internal Ear or Itabyrinth. 

Note that this complicated apparatus is constructed 
inside the pyramidal or Pelrong ]K)rtion of the tcmpoi'al 
bone. It consists of aji outer stincturo made of 
bone called the Pony Labyrinth wliich completely 
encloses another innei’ stractui'e of nearly the same 
sl)apo wJticli is made of thin membrane called the 
Membranoua Labyrinth. The latter contains a clear 
watery fluid called the Endolymph, and in the space 
between it and tlio bony labyrinth tliero is another fluid 
called the Perilymph, 

Next note that each labyrinth consists of three parts:- 

0) A central oval chamber called the Vestibule. 
See that it is placed opposite the oval window. 
Also sec that there is an oval window on the 
outer wall of the vestibule which is fitted witJi 
membrane and into which the foot plate of the 
stapes gets inseiied. In front and a little below 
the vestibide communicates with the spiral 
stnicturo called the Cochlea. Above and behind it is 
connected with the three Semi-circular Canals. 

(2) Semi-circular Canals. They arc three in number. 
Note that they lie in different planes at right angles 
to each other, one being horizontal and two 
voiticlo. 

N. The teacher here, should explain to the class how these canals 
lie, by giving the example of an open book standing vertically on the table. 

Also mark that one end of each canal is dilated into a 
swelling -(Called the Ampulla to the inside of which 
fibres p£ a branch of the 8th (Auditopr) nerve are 
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distributed. See that oacli canal l)t'gius from tlie 
vestibule and after forming a sort of semicircle 
ends in the same. Also note that two canals 
unite before opening into the vestibule, so that 
the three canals communicate witli it by five 
openings (and not six). 

(3) Cochlea lies in front of tJio vestibule and 
is like a snail shell in shape. It is also 
hollowed out in the solid bone. There is 
a central pillar called tlio Modiolus, i-ound 
which the long spiral tube winds two and a 
half turns. Tliis S2)iral tube is divided intt) two 
canals, an Upper and a Lower by a thin, long 
bony paiiithin which runs i.hrougli tho entire 
length. These two canals arc connected 
with each othoj* at the t.oji of t’lU'. s^aral and 
no where else. At tlie other (i. e. the htwer) 
cud of the spiral tube one of these 
canals (i. c. the upjjej-) opens directly into the 
vestibule; w'hile the other (i.c. the lower), loads 
to tho chamber ot the middle car through tho 
round window. 

Itcmcmber that the inembi’anous labyrinth 
is half in size to the boJi.v labyrinth. In tho 
iluid in the membranous labyrinth 
(i.e. Endolymph) some bony paiiicles like sand 
float, called tlie Otoconia or Otoliths., Eveiy 
movement of tho fluid itself throws those 
minute particles of sand from side to side. 
The 8th nei-vo goes to tho internal ear, and 
its fibrils spread at last over the inner walls 
of the membranous labyrinth in two bran- 
cj^^s, one going to the vestibule and tho 
.^^ nllae at the ends of the semi*cii-cular 
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canali<, tlic f)tlaer brancli leading to the 
cochlea. On the central wall of the cochlea 
itist a gi'cat number of minute fibrils side 
by side called the fibre$ of Cortie, 

N.B. The teacher should explain to the class the mechanism of hear* 
inflf and Uie functions of Fibres of Cortie, Otoliths, and Oval and Round Windows. 

Make a drawing of the car showing all those structures, 
and tlie path followed by the sound waves. 
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MODEL OF THE BRAIN 

Study carefully the model of the Bmin placed before 

you. One may inspect it from above, from the sides, 
and from below. 

1- From ftibove: — ^Yoa see two big X)art8 of the 
brain separated by a deep cleft oi- fissure 
which runs from front to back. TJiese two 
parts are called the Cerebral Bemitpheres 
and the fissure is called the L'ingitudinal 
Fissure. 

Each cerebral hemisphere is divided into four uiaiJi 
lobes: — 

The Frontal Lobe in front and lying under cover of the 
frontal bone. 

The Parietal Lobe in the middle, lying under cover of the 
parietal bone. 

The Occipital Lobe behind, lying under cover of the occipital 
bone. 

The 4th lobe — the Temporal Lobe — lies under the temporal 
bone and is separated from the main lobes by a big 
fissure called the Lateral Fissure. 

Note how the smfacc of each hemhsphero is thrown 
into fuiTows or depressions (Sulci) and elevations 
(Gyri). Also note the grey colour of the hemispheres. 

2. From bolow. — We see the Medulla with the six 
paira of cranial noiwos lising from its side, the Cere- 
bellum, the Pons and the under surface of the Cere- 
brum. Note that from the front part of the under 
surface of cerebrum there come out the two 01 * 
factory nerves from the two Olfactory Bulbs. Also 
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jidCe the Optic Nci'vea and tJioir crossing fclic Optic 
Chiaama. Under the mid brain see the rounded 
stalked small body called the PtYwtVory Body, and 
a little behind it are two small globular swellings 
called the Optic Lobea. Most of the cranial 
nerves are seen arising from this surface. 

Cerebellum is also called the Lessei* Brain. It consists 
of two lateral hemi-spheres and the connecting 
lol)0 called the lathmua. Its surface is also thrown 
into folds and its colour is grey like the ccrebinm. 

Below the cerebellum ojio can see the lower-most 
('longated pai+ called tlio Medulla Oblongata which is 
continuous with the Spinal Cord through the 
Foramen Magnum. Its colour is white (o. f. cei'obmm 
and cerebellum). Above and in front of medulla 
oblongata, note a biidge-liko thing called the Pona 
Farolii consisting of transvero fibres connecting 
the tw'o lialves of the coji'bellum, aixl seiwos as 
a ])assage between the medulla oblongata and the 
]■o^t of the brain. 

3. From side. You can see the temporal 
lobes completely separated by the lateral fissiiro 
fi'om the rest of tlio lolats. 

Sketch the brain as seen from above, below, and side. Ntmio the 
diflerent parts seen in each cas^. 
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RADIAL PULSE 


Pulse is the lift which you foel with your fingei-s when plac- 
ed on any arteiy against some bone or caitilago. Oene- 
rally wo select the Radial Artery in t])e fore-arm, as it is 

placed supei’ficially just undorneatli tlio skin on tlie 
lower end of the radius bone. (Tlio teacher should 

explain the anatomy of the radial artery). This is 
called the Radial Pulse. 

Do the following experiment on yourself or on your, friond:- 

(1) Place the tips of first three fingoi’S of your 
n*ght hand on the lower part of the fore-arm on 
the front aspect in a stiaight lino longitudi- 
nally just behind the prominancc of the tJjumb. 
By gentle pressure you will feel the radial 
pulse rise and fall undei* your fingei's. These 
are the pulsations of the radial aiteiy. One 
rise and fall of the avtoiy cori’esponds io one 
beat of the heart. 

Count the pulse for exactly one juinute by the second 
hand of a watch, and record it. This is ihe pulse rate' 
per minute. 

Make the person examined do a little exorsise, c. g. 
walking briskly, innning round the class room, for 
two to three minutes or swinging of the hands as in 
drill. Count the pulse again immediately after and 
record it. Account for the difference. 



Let the pewon examined take rest by sitting on a chaii* 
for ten miiiutos, count the pulse after this rest and 
record. 

Deductions:— 

(1) Heart beats about 72 times per minute in a 

healthy person but anything between 65 to 80 
is taken as normal, pulse rate being more in 
women, children, and aged pei’sons, and less 
in adults and men. 

(2) It increases by exercise and decreases by rest. 

It also increases in fever. 
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RESPIRATION. 

I. Sxpo86 the ch6st and the aWomen of a friend and note 

that the act of breathing consists of regular series of 
movements. Note that, dtiring the act of inhaling, the 
c.Jiest rises and the belly bulges out. Why ? It is so 
because the diaphragm on going down during inhaling 
presses down the liver, the stomach, and the spleen, and 
those in retuim descend into the abdomen and hence 
the bulging. 

This is immediately followed by breathing out, in which the 
chest and the abdomen return to their ordinary size and 
got smaller. After tliat there is a pause and then the 
same sot of movement is repeated. The fiint set is 
called luspiration and the second is 'Expiration and both 
constitute Bespiration. So one rise and fall of the 
chest or the abdomen constitutes one act of respiration. 

{a) Count the number of I’espirations in your friend 
per minute by the second hand of the watch and 
record it. 

N.B. It is not necessary to expose the chest and abdomen 
for counting the respiration as this can be done by counting tha 
movements of rise and fa]] of the chest or the abdomen which can he 
easily seen even when he is in bed. 

(ft) Count the pulse per minute also in the. same friend 
and see that the I'atio of respiration to pulse is one 
to four. 

II. Effect of Exercise on Respiration. 

Lot the same person do a little exercise as ninning, 
or going up and down the stairs several times and 
count the respiration, and record. Note that the 
respiration increases after exercise. Why ? 
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III. Effect of Rest. 

Tjfit. ]iim take rest for ton minutes. See that the I’ospi- 
ration comes again nearly to the original. 

IV. Effect of Breathingf into Lime-water. 

Pour some fresli lime- water in a beaker and blow into it 
through a glass tube. See that it becomes milky after 
ten or fifteen minutes. Explain. (CO, of the breatli 
cliangcs Calciiim Hydroxide. Ca (O H), into Calcium 
Carbonate Ca C 0,. 

V. Result of Breathing on Cold Surface. 

Preatho on a looking glass or a slate. See that it becomes 
hazy. Why ? 

VI. As in No. IV above, pour some fresh lime-water in a 
beaker and blow into it with the bellows for 15-20 
minutes. Note that th(! lime-water j-emains clear. 
Why ? 

Deduce your resnlt.s from all thef^e experiments and record them in your 
note book. 





USE OP A CLINICAL THERMOMETER. 

(fct a Clinical tlicviuoinctcv, and one from cacb kind of the 
Laboratory tliorinonietei». Note tliat the Clinical 
thermometor is much smaller and more delicate tluin 
the rest, Viz. the Faronlieit, tlie Centigrade and the 
Reiimer. ]t is a small pai-t of the Farcnheit tliormo- 
moter with markings for recoiding toinporatuTes from 
95° to llO'F. Why? (These are the lowest and the highest 
temperatures compatible with human life). Note these 
graduations and see tliat each degi-eo is divided into 
five equal parts. Also note that np])osit() 9S'4“ them 
is -an arrow mark. This is the normal temporatuj'o 
of human beings in health. 

Nolo the diftei’ent parts of the therm ometm :- 

(1) the bulb containing mcrcuiy, and 

(2) the stem bearing the above-noted gradu- 
ations. From the bulb leads a A'Ciy liu(! 
capillaiy tulK5 in whicli the meieiiry lises 
>vlien the bulb gets warm. Note tlie eonstric;- 
tJon a little boyond the bulb in this eapillaiy 
tul )o which does i.ot let the morcuiy fall 
automatically once it has gojio up duo to the 
expansion of the moreuiy by heat. Explain 
the usefulness of this constriction. In order 
to bring it down you liavo to jerk the tlier- 
momoter once or twice by holding the stem. 
Bo careful in tliis procedure that the bulb 
does not touch anything otheiwise it Avill 
break. Note that this constriction is 
absent in your laboratoiy tifeermomoters and 
so their tempei’atures fall automatically. See 
that on the stem is also \Yritten i minute 

1 minute,. .'2 . minutes, gr. 5 minutes, for 
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which the thennomoter must bo used to 
show correct temperature. This themome- 
ter is also called a Doctor's Thermometer, 

DIRECTIONS FOR USE. 

0) Take it out from its case gently and be care- 
ful tJiat it may not fall. 

(2) Wash it with cold water or some weak anti- 
septic lotion e.g. 1 in 40 Carbolic Lotion or 
1 in 2000 mei-cmy lotion etc. before ard after 
use. 

(3) Then read it and see, that the mcrcuiy is 
below 0,5* or so. If it is above this, give it a 
few jerks by holding tlic stem. 

N.B. It is not necessary to brinj^ the level down to 95 If 
it remains at 96"^ or so, it is all right. 

(4) Then place the thermometer in the ai mpit or 
groin or in the mouth under the tongue. If it 
is to be placed in the armpit or groin rcmom- 
Iter to clean tJie place with handkoi’chiof to 
remove sweat. Also see that the bulb is 
actually in contact with the skin all round. 
The clothes should not intervene. If it is to 
l)c placed in the mouth, it should be undenaeath 
the tongue and the mouth should bo closed 
and the thermometer be held by the lips and 
not by the teeth. The breathing should Ik) 
entirely done througJ] the nose. 

(o) Keep it there for a little longer period than 
wliat is written on the stem. 

(h) Then take it out and read. Be careful not to 
touch the bulb or to hold it by the bulb 
in oirier to read. Hold it horizontally (not 
vertically) by catching the thermometer a 
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little above' the bulb between the tL\unb 
ard first two fingeiu of the loft hand and 
the other end of the stem between the thumb 
and firat two fingers of the right hand 
with the gi'aduated side facing you. Rotate 
it a little to and fro, and you will see a 
white line in continuation with the bulb going 
some distance into the stem. Mark its 
upper-most end and read it. 

(7> Then clean the thermometer and replace it in 
the case gently toUh bulb downtoarda. 

N.B. Normal temperature of human beings is generally 97 
to 98° in axilla or groin and 97*6° to 98‘4® or even 99° in the mouth. 

Sketch the Clinical thermometer and take your tern* 
pei’aturc in the mouth and record. 



USE OF A LACTOMETER. 

Ciet a lactometer and note its various parts, viz. tljc 
I'ounded bulb filled with load-shots or mercury, the 
secord elongated bulb above tb.c first one which is 
empty, ai d a long tube— the — which is uppermost 

and is graduated, boaiing the letter M lower-most at the 
bottom and W a.t its upper erd. The distance between 
M ard W is diflercntly divided in different instruments 
into 4, 5, or 10 divisions, 1 ut generally into 4 divisions. 

If it is place-d in pure milk it sinks to the mark M urd if 
in water, it sinks to tlie mark W. The tempemturc? of 
the fluid to bo tested should Ik* 1 5* C or (50“ F. to g('.t 
coj’roi't results, as tb(>so ii st iuments are gc]lerall.^' so 
e.(*nsti'U(;tod. 

Now if you place it in a specimen of milk in which it. sinks 
to the mark b i.e. one division above M is in the milk 
and tliroe are outside; it denotes that the specimen con- 
tains one part of water and fJ parts of milk. If it 
st ands at the mark 2 i.e. two divisions above M are in 
the milk ai’d ilu! remaining two divisions are abovt; it, 
t Ik! milk Contains eciual jKuis of milk and water. 

Test the speciimuis of milk provided in tubes A, B ai d C to 
til'd out the % of water in each. Also test some strong 
watery solutioi s of sodium chloride (common salt) 
and ammonium chloride. 

We conclude from the abo\e that -• 

(I) Water lK.'ing lighter than milk makes the 
lactometer to sink more, so that when some 
water is pj-esent in milk it sinks more than 
in pure milk. 

(;i) Salts (like sodium chloiide and ammonium 
chloride) make the water heavier as more 
of the stem floats than in pure water. 
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-The te}\cher here should explain to the class those factors \\hich incimpc 
thi gu’iviby of the milk and bho^e factors which <lcciease tije specific 

gravity of tlie milk. 

Jielnonibor that : — 

(1) Watov ill milk makos it sink moro \.o. Inwrrs 
tlio spo(*.Hi<5 gravity. 

(2) Fat in milk makes it sink more i. e. lowers 
tlio specific gravity or brings it. nearer to 
that of water, hecaiise fat is lighter 
tlian water. 

{ii) ]V1 ilk sugar and salts in milk make it lloat 
more i.e. increase t lio specifu* giavity. 

N.n. (l) This instrument gives ns no exact idea of the purity of milk. 

It only tells ns how much water has been mixed in pure milk. 

(2) Even pure milk from diflererit animals e. g. cow, goat, or 
buffalo, will differ when tested by it. Even the nnlk which is 
rich in fats mny show lesser specific gravity and so sink 
more. 

(:0 Milk from which fat has been removed and water added may 
appe.'ir pnie milk and stand at M if tested by this instrument. 

(4) This iiisfcniraent is only to tost the specific giavity (density) of 
milk. 

(r>) Purity of milk can- he deteiniined by the specific gravity and 
the fat percentage. 

NOTE Spop.ifit; gravity of pnre miJk is from J027 to 

10154. Tlio amount of cream in pure milk is from 

8 to 1 1 ^ as tested by the creamoinoter. 


Sketch this instrument. 
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APPEARANCE OF A SOLUTION OF THE 
WHITE OF AN EGG WHEN BOILED. 

Bi’eak a hen’s egg by giving a gentle tap on the table and 
remove a little of the broken shell. Let the white of 
the egg flow through this hole in a porcelain dish. Be 
careful tliat the yolk is not mixed with the white. Beat 
tliis white with a spoon so as to make it thoroughly 
homogeneous. Divide it into 2 equal parts in 2 
dishes. Add to one pait about 10 parts of watoi- 
beating all the time. You may make tliis watery solu- 
tipn in a flask. Note that the solution is slightly 
opalescent. 

Expi. 1 Take a little of this solution in a tost tube and 
boil it. Note it becomes more opalescent. It does 
not coagulate. Add a little acetic acid to it, a thick 
oo-agulum forms. 

Expl. 3 Take the second part wliich is the undiluted white 
of an egg and boil it. Note that it co-agulates. 

Copclusion. The white of an egg coagulates on boiling 
while its solution does not. But the solution becomes 
more opalescent ,pn boiling wliich coagulates on acidn- 
lation. 4 

Write in your own words as to how you cany out tliis ex« 
pei’iment. 
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lOBlKS TEST FOR STARCH. 

Hi litt/lo stavcli {vo\u potali^ (w whoni* 
flour ill a test-tube in a little distilled water. Let it 
cool, and then add a drop or two of a weak solution of 
iodine (2 to 3 drops of tincture iodine in about 10 c.c. 
of distilled water). 

Note that the colour of the solution bo(*onies intense 
blue. Boil this again and sec that tJie blue colour 
disappears. liot it cool and the blue colour 
reappears. 

Write out the wliole procedure in your own words. 



GENERAL PROCESS QF GASTRIC DIGES- 
TION. 

Before pvoee(>diiig with tJiis oxpejiniout tlin teaehor 
Hhonld tell t]i(' eompositinn smd action of fjastric juice to 
the stndc-iits. 

Things required for the experiment : — Berger’s Liquor 
Peptions (in place of P(fpsir), Bn7igor’.- Rennet (in place 
of Rernhi of Gastric juice), HydrocJiJoric acid, distilled 
water, ar.d tJie white of an egg, (protoi)i to be acted upon), 
glass marking pencil, water batJi, test tubes, porcelain dislies, 
vuc-k, centigrade tliermometer, spii-it lamp, bui\>tte stand, 
some calcinjn chloride solution, some milk and a match-box. 

There arc two fenuents in the gastiic juice viz. pepsin 
and ronnin, so wo may do tliis experiment in two stages, viz; 
action of pepsin on protein, and action of I’onin on milk. 

Expeziment I. Make an artificial gastric jiiie.o as 
follows: — 

To a little liquor pepticus add exce.-s of (about iv) 
times) diluted hydrochloric acid (I in hOO). 

In aprocolain dish boil a little white of an egg and kee]> 
it for the experiment. 

Take four test tubes and mark them, 1, 2,(3, and 4. 

In No. J put some dilute hydj’ochlnrie acid. 

In No. 2 put a little liquor pepeticus and .'i to (} times 
distilled watoi'. 

In Nos. (3 and 4 put some ai'tilieial gastric juice. 

Tlien boil the tube No. (3 and let it cool. Now put in all 
tlio four test tid)Os, equal paits of the boiled wliite of egg and 
place them in a water-bath at 40® centigrade. Keep the 





tcinporaiure constant. Lot those tvibos remain tlioro from 
80 to 45 minutes. After tliattake tlicin out of the I'atli ard 
note that: — 


There is no clianpfo in J, 2, and 8, i.e. the co-agidated 
ogfg-wliite is tlie same and not dissolved. 

In No. 4 it has all dissolved. 

Wc infer from the above that: — 

(fl) Ilydrochloric acid and pepsin alone do no' action 
the proteins. 

{b) Boiling destroys the pepsin. 

(c) The hydrochloric acid and pepsin togetier ad 
on proteins. 

Experiment II. As before take fouj' t:est lubes ;u'd 
mark them Nos. 1,2, .8, aid -J. In all these put some 
llengor’s Jfc'unet. 

Pour sonic boiled milk which lias been cooled in Nos. 
I, 2, and 8, and a little unboiled milk in No. J. In 
No. 2, also add some calcium chloride solution. 
After that boil the tube No. 8 and let it stand lo 
cool and thou add t(» this (No. 8) somt! calcium 
chloride solution. Next place all the* test tubes 
in watcr-ljath at 40* C for 80 to 15 minutes. 

..Vftcr that take them out and note that in Nos. I and il 
there is no change, while milk is c.urdicd in No. 2 
and 4. 

Tube No. I Contains Rennet + Boiled cooled milk— No change. 

Tube No. 2 ,, Rennet+ Boiled cooled milk I » Curdled 

+ Calcium Chloride / 

Tube No- 3 „ (Rennet + Boiled cooled milk) 

both then Boiled I't alcium chloride No change.. 

Tube No. 4 ,, Rennet 4 Unboiled milk = Curdled. 



We infer from the above tliat: — 

(а) Kemiet co^agulatee unboiled milk and has no 

action on boiled milk (from Nos. 1 and 4). 

(б) Rennet is destroyed by the action of heat 

(from No. 3). 

(ff) Calcium chloride helps the co*aguIation of boiled 
milk (from No. 2). 

Re-write shortly the two expenments in tabular form 
with results. 
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SIMPLE TEST FOR SHORT AND LONG 

SIGHT. 

(Jet a Snellen’s test chart from an optician and sec that 
the letters in the cliart arc written in various sizes 
which go on decreasing as wc read downwaid. Above 
each line we find written D = some number in feet or 
metres in small print e. g. (highest is D= 60 metei's and 
lowest is D=6M or 20 feet). This lowest number indi- 
cates the distance at which a normal person can read 
that line with each eye separately. So this means 
that the lowest line should bo read clearly with each 
eye separately at a distance of six metres or 20 foet. 

(The teacher should explain the principle on which 

the chart is made, to the boys). 

Short Sightedness (Myopia). Do the experiment 
like this. 

1. Hang the chart in good light at the height of 

about 6 to 7 feet (i. e. the lowest line of the 
chart (D=3M) should be nearly at the same 
level as the eyes of the pei-son whose sight 
is to be tested). 

2. Make the person to be examined stand in front 

of the chart with back towards the light at 
the distance of six meteiv or 20 feet froin 
the chart. 

3. Ask him to close his left eye with the cup of 

his loft hand. His eye .should be open 
behind the cup which only docs not allow 
him to sec. 

(The teacher may do it with his own hard). 

4. Tell him to read from above downwards. 
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If he can read all the lettei’s of the chart with each 
, oyo separately, his eye- sight is either normal or he 
is long-siglitcd (Hypermetropic). If he cannot read 
all lettem lie is short-sighted (Myopic) and should' 
go to an eye-specialist for spectacles. 

longsightedness (flypermetroia)-li) tlic above 
oxpen'raent whoii ho can road all the letters on tlic cl)art 
c.orrcctly and separately witJi each eye, place a low 
convex lens ( + 1. 00.) l)eft)re his eye and let him road. 
If the IclUo's do not Iwoinc dim, he is long sighted. 

Tost your owji sight and record results. 





DEMONSTRATION OF THE EXISTENCE 
OF BLIND SPOT. 


On tJie opposite page of your note-hook iiiako two small 
figures, a cross to your left aiitl a cirole to your 
n'ght about 3" ap.irt from e.xch other. Hold flu*, 
note book about 10 1 0 12 inolies awa.> from your eyes 
with your right hand. Close your left eye wifi) your left 
hand and fix your riglit eye al the cross. While you 
arc looking onlj’ at the cross with your right eye you 
arc still seeing the circle. Then bring the note hook 
nearer towards your eye. Keep tho right eye looking 
fixedly at the cross. At a certain distance th(> circle 
disappears. This is the place when tho imago of the 
circle falls on. the Blind Spot. Move the hook still 
nearer to the eye, tiie circle re-appeaiv. 

Repeat th(i same experiment with the right eye closed 
and loft eye looking on the circle. 1'he same phe- 
nomena will h(' noted. 

Explanation: — When we look at a thing directly its 
image falls on tho yellow spot, the place of acutost 
\'ision, so that tho thing is seen (dearly, (Direct Vision); 
while tlie image of other things all l ound are falling on 
the rest of tho retina, so they are indistinct (Indii'oct 
Vision). At a certain place tho image of tho object 
seen b>’ indirect Vision falls on the blind spot, (the place 
where tlie optic nerve cnteia the eye-ball and which is 
devoid of sensitive liglit), and so tlierc it is not seen. 
When we move it still nearer its image again falls on 
the retina and lienee is again seen. 

Make a diagram on tho opposite page and 
write the experiment in your own words with its 
full explanation. 



FORMATION OF A REAI. I9IAOB Bit 
A CONVEX LENS. 


Appantins: — A candle, three or four lens^es of different 
ciirvatui-es, :i screen all fixed on stand, and a match box. 

Eltpt. 1. Place a lejis of medium curvature, the 
screen and the candle in a straight line on 
the table in such a way that the lens is in the 
centre m d the screen and the candle are on 
either side. Adjust their heights so that all 
of them are in the same loved. Then light the 
candle. By moving the screen ai:d the candle 
to and fro you will got an inverted image 
of the candle on the screen. Draw a diagram 
of this showing the path of rays in your note 
book, on the opposite page. 

Espt. 2, Move tlie candle away from the lens 
and note tliat its image on the screen gets 
blurred or lost. Remove the lens and place 
instead another lens of lesser curvature and 
you will again see the clear inverted image on 
the screen.. 

Bxpt. 3. Next biing the candle much nearer to 
the lens, the image again disappears. Now 
charge the lens foi the lens of higher curva- 
ture and the image again appears. 

We infer from the above that:— 

{a) the nearer the object to the lens the greater 
should be the curvature of the lens to form 
a clear image on the fixed screen. 

(i) and the farther the object from the lens, the 
lesser should be the cuiwature of the lens to 
form a clear image on the fixed screen. 
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In the 6ye too, the distance Ijetwoen the screen (retina) aTul 
the lens (optical lens) is fixed, as it was in the abov»> 
experiment. 1\) {«)nn images of objects situated 
at different distances from the eye, the lens koep< 
on changing its curvatui'e i.c. becoines thiker wlion 
we see a near thing and l)ecomes thinner wlien wc 
see a far off thing. Tliis power wliicli the ler.s 
possesses is known as Accommodation. 

Make three diagrams showing tlie path of rays in tie* 
above three experiments. 

XSxpt. 4. Set the tilings as in Expt, I to get a 
real inverted image with a medium convex 
lens. Move the candle away from tlie lens. 
Note its image gets blurred which can lie 
made distinct by moving the screen toioarda 
the lens. Similarly move the candle 
toKardc the lens, its image gets blurred which 
can be made distinct again by moving the 
screen away. 

We infer from the Expt. 4 that : — 

(o) the nearer the object is to the lens, the greater 
the distance between the lens and the screen. 

(6) and the fai’iher the object io from the lens, the 
lesser the distance between the lens and the 


screen. 
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SIMPLE TESTS FOR HEARING. 

Let. the parson whose hearing is to be tested sit on a stool 
and then blind-fold him preserve with a finger. Take 
a watch with a good tick and keep it at distance of 
about twct feit from his right ear. Ask him if he hears 
the ticking soun d of the watch. He will sa.y “No". 
Then bring the watch slowly nearer towards his ear 
and let him say “Yes" immediately he begains to 
listen. Measure the distance of the w atch from the 
oar at this point; ■ ' 

N. H. In tlie above experiinent the lett ear should be firmly pr. sserl 
by tlio thumb so that tie miy not listen with tint eir. Repeat the same ex- 
pdL‘imr?nt with left ear arid rpaord rasnlts. 

Next do the same expniment on a,p3rsou who is known 
to have normal hearing power, and record the result. 
If the distances are the same in hnth the poi'sons, tlion 
the pei’sons examined fii-st ])as normal hearii'g. If 
ho can lioav from a sliortev distance, his hearii’g 
power is defective. 

N-B. (This is not a very reliiible and accurate !est.) 

Tell the boys to do the experiment in batclies of two, upon each. 
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DEMONSTRATION OF A REFLEX ACT. 

(1) Bring your Hngor noar tin.) oyc of tlio pisrsoii 
w})o is not aware of it as if >'ou are going 
to strike. Yon will notice that ho winks his 
eye. This is known as Winking Reflex, 

(•2) Ask a boy to sit at the edge of a fable, JMace 
yonr left hand under his rig] lb Ihigh by stand- 
ing towards his right ard ask the studonl 
to place all the weight of the. thigh on your 
hand and lot him hang his leg loose. Then 
ask him to close iris eyes. Now give a sharp 
tap at f lic patellar ligament with the iiinoi' 
margin of your right hard. You will notice, 
that the boy at once jci-ks his leg foiwards. 

■ ■ • Tliis is called the Knee-jerk. If the tap is 
given at a wrong place nothing will 
happen. 

(3) If you scratch with a pin the sole of a sleeping 
person he withdraws his leg. This is a Ref- 
lex Action as he is not aw'are of it: when 
awakened. 

N. B. The teacher hero should c.vpiain to tlio 
class these reflexes with experiments. Draw a 
diagram on the opposite page of the reflex of 
experiment No. 3. 
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PARTS AND WORKING OF A 
MICROSCOPE/ 

Look carefully at the microscope put before you on 
the table. Note the following parts : — 

Body Tube, a long cyJii drical tube in which there is 
another tube called the Brato tube. (H.) On the upper 
end of the draw tube is placed the Eye-pice or the 
Oceular. To the lower end of the body tube are fixed 
two circular discs to which the Objeolioee are attached. 
The draw tube can be raised or lowered, thus clianging 
the position of the eye pice above. Objectives are of 
two kinds, high power (l/(J"s=4 min) and low power 
(2/3"=:16 mm). Also note the Stage (C) on which the 
slide is put for examination. The slide is illuminated 
by light passing tlnnugh the hole in the stage reflected 
by a concave or a plan mirror (.7). {Plane mirror is only 
used when we use the eondensor). Below the stage one 
may notice a Diaphragm by which we can regulate 
the amount of light, and noted passing to the slide as 
we desire. Some microscopes are also provided with a 
big lens placed just beneath the stage called Condensor 
which can be so shifted tliat it may be brought under 
the stage or moved away. 

(Some instruments are also fitted witd a mechanical 
stage, a contrivance for moving the side to and 
fro). 

All these parts are attached to the Arm (e) which in 
its tum is resting on the Baee {a). Also note the 
two screw-like pai’ts called the Coaree (p) and the 
Fine (o) ddjuetment Screm attached to the upper 
part of the Arm. 






Compound Microscope <i«script.io)i on pa,2e 72 ] 

A=ba^e nr sf-aiid : B-^diaphraain : C^slago: 

D"=^-sian(l fnr rfiflectiiig minor : E’-^arin : F— rough adjusinieni screw : 
G— fine adjiis'tment «;fTow: H“-draw tube: J- reflecting rnirroi. 
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Bow to use it:- 

Put the slide on the stage and rotate the low power in such 
a way that the low power, body tube, and the eye piece 
are in one line. Now look through the eye*piece 
adjust the concave miiTor to get the best illumina* 
tion. Bring the low power quite near to the slide anil 
with the help of the coarse adjustment screw move it up* 
words slowly so that you may see the object on the 
slide. Then, if necessaiy, make it mom clear and dis« 
tinct by fine adjustment screw to suit your sight. 

For using the high power, rotate the low power, when ad- 
justed, away, and bring the high power in its place. Fix 
it correctly with fine adjustment screw. 

Preoautioas:- 

(1) Be careful in handling the instrument as 
it is veiy delicate and costly. 

(2) Always adjust the low power tii-st and 
move it alway» from bekno upu)ari$ othmv>i$e 
you may break the slide or the objective if 
you do it from above downwards. 

The student should cultivate this habit 
from the veiy beginning. Then adjust 
high power. 

(8) If you find dust deposited on the eye-piece 
or concave miiTor or on the objective, 
clean it with a soft muslin or silk cloth. 
Do not wash with water etc. 

(4) When replacing the miscroscope back into its 
box after use, you should bring down the 
low power as low dowm and near the stage 
as possible. 
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MICROSCOPIC EXAMINATION OF BLOOD^ . 
BONE & MUSCLE. 

Blood: — Take hold of a student and wipe iris 
left band’s finger with methylated spirit. • Let 
it diy. Then warm the point of a pin on> the 
flame of a candle. Prick the finger sharply 
with it. Immediately a small drop of blood 
appeal’s. Take it on a clean slide for exami* 
nation. One anotlier slide take another drop 
of blood and with the help of the edge of the 
limt slide draw it into a thin and oven 
film. Put them under the miscroscope. Now 
in the drop of blood you will notice a num- 
l) 0 j’ of round flattened discs called Blood 
Corpuscles or Cells floating in a clear fluid 
called Plasma. Now in the thin film you 
■ ■ will notice (or better still in a special stain- 
ed slide) that coipusolcs are of two kinds. 

(1) Red cells appearing as small, circular, 
flattened, biconcave, non-nucleated discs 
which are vei-j’ many in number; called 
Red Blood Corpuscles or cells and 

,,, (2) White cells, irregularly sliaped, comparatively 

larger, and having one or mom nuclei, 
much fewer in number and have different 
shapes and appear colourless (blue in the 
- . stained slide). These arc termed leucocytes 
or White Blood OeUs or Corpuscles, 

N. B. (i) The blood appeal’s rod due to the abun- 
dance of the I’cd cells over the white. (flOO : 1) 

(ii) In an unstained slide it is rather difficult to 
see the white cells as they.arc colourless. 





(«’i) R. B. C. of all muscles are non*nucleatcd, while 
those aro nucleated in cold blooded animals, 
o.g. frog, fish etc. 

Bone : Oet two prepared slides of bone, one of cross-sec- 
tion and the other of longitudinal section and 
sec them under the microscope. 

(o) CroH Section of hone. In this you will see a 
cob'Wob appearance i.o. it will be seen to bo 
mapped out into a number of circular dis. 
trict. In tliis centre of oacJi distinct tlicre 
you SCO a big dark spit whicli is the opening 
of a small canal in the bone wliich is called 
the Maversion Canal. Around tJiis you soo 
concentric rings which are i-eally much 
smaller canals than the above called the 
Canalicnli in the bone. On these concentric- 
rings you may sec small spots icsembling 
knots, from wliich radiate the small lines 
(Canaliculi) in all directions. These small 
spots are little spaces in the bone which lodge 
the bone Celle and tlioso radiating lines arc 
really canals for small blood vessels. The 
Havereion canals also contain slightly bigger 
blood vessals for nonrishing the bone during 
life. The whole tiling aiipeam like a net- 
work. 

{b) Longitudinal Section. In this llavci-sion canals 
are not seen as big i-ound dark spots but the>' 
look like long empty spaces wliich brancdi and 
communicate at short inteiTals. One can 
ceitainly see the bone calls and the canaliculi 
as above. 

Draw diagrams of what you sec. 

Mnsole : Get 4 prepared slides of muscles, viz., Ijongi- 
tudinal Sections of : — 


(1) Voluntaiy 

(2) In-voluntaiy muscles 

(3) Heart muscle 

(4) Transvci-se section of any of these mu6cle.s. 

(a) Longitudinal eection of atriped muacle. You 
see long red muscle fibres which appear to l.'C 



made up of alternate dark and light bands or 
stripes which give the name. Sketch this. 

(ft) LongitudiHol $eotion of unotriped mtuele. You 
will note spindle shaped tapering fibres which 
have not got any stripes or bands, but they 
have got elox^ated nuclei (c.f. striped muscles 
fibres). 

(c) hongitudinal aeeiion oj heart mueele. Here 

you will see quadrilateral short and thick 
fibres which also appear to be striped. Sketch 
this. 

(d) Traneverte eeetion of any mueele. One may 

see red areas separated by whitish lines repre- 
senting the ends of the fibi’es. 

Write in your own words the diflferences by which you can 
recognize longitudinal sections of (•) unstriped muscle, 
(»<) heart muscle and (»**) striped muscle. 
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StlCRdSCOPXO APFfiARANCE OF UXLK ic 
STARCH GRAINS FROM POTATO 

(1) MUk- Take a clean glass slide and with 
a glass rod dipped in milk put a tiny droplet 
ou it. Cover it gently with a cover glass. 
Then examine it under the microscope. Note 
that a large number of round globules of 
different sizes float in an opaque fluid. These 
are the fat globules. The richer the milk the 
bigger and the more numerous are the fat 
globules. (C. F. the microscopic appearance 
of blood). 

Next examine a drop of buttermilk and you will note 
that the globules are very few and smaller in size. 
Bemember fat is present in milk as an emulsion. 

Draw what you see. 

Why is milk called a perfect food? Give the composition 
of milk. 

(2) Stmeh graiiu from potato. Cut a potato and 
sempo the cut surface a little with the handle 
of a clean scalpel. Place some of this scrap- 
ing on a clean glass slide; put a drop of 
distilled w’ater, mix and put a cover glass 
gently. Then examine it under the micros- 
cope. Yon will see a number of starch gi'ains 
with oval concentric rings round a point 
(Hilum) which represents the centre and is a 
little to one side. The appearance is very 
characteristic. 


Sketch what you see. 



lOfiNriflCATlON OF MRVA AND ADULT STAGES 
OP CLUEX AND Ar^PHELES AND THE 
FOLLOWING OTHER DISEASE CARRYING 

INSECTS FLEA, SANDFLY 

AND HOUSE FLY. 

1. C.ilex and Anopheles Larvae. 

Mosquitoes breed in water near the bank. So you 
' can easily get both of tliese kinds of larvae in 

a collection of water, e.g. a pond, cesspool 
or even an earthen pot etc., in August, Sep- 
tember and October. Catch the larvae by 
dipping a dish in water containing them and 
then suddenly bringing the dish out. Pour 
this' water of the dish in a trough containing 
some water and see hoAV they float. 

Note each laiwac consists of a head, a 7iarrow neck and 
a segmented body. 

You can distinguish tlie culex laiwae from the anopheles 
larvae by the way in which they float in water. 

Tlie (tulex larva floats in water with its head downwaixis 
and the body is at various angles t(> the surface of the 
water; while the atiophelet larvae floats with its body 
lying in horizontal direction and parallel to the 
surface of water. This difference is due to the fact 
tliat the former has a breathing tube while tlio latter 
is devoid of it. 

Bketcli them as they float in water. 

AaepliMee And Cnlex Adult». 

Catch some mosquitoes from comers of dark deserted houses 
or mud huts, or behind curtains or clothes hanging 
on pegs wliioh have not been disturbed for some 
days, in the montlis of September, October and 
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Noveinbei'l (after the rainy sea^sun). The way to 
catch a mosquito is to place an inverted test-tube or 
cylinder suddenly at the place where it is sitting. 

Identify them by the following points:— 

(1) Jnopheles sits on a plane surface e.g. floor, wall, 

table etc., with its quite straight body 
making an angle with the surface (and not 
parallel), and the hinder legs are beneath 
the abdomen. Culex sits on a plane surface 
with its body slightly bent on itself and 
more or less parallel to the surface, and 
the legs stick out above the abdomen. 

(2) In amphelfis wings and logs arc Ixjautifully 

spotted while in culex they arc clean and 
unspotted. 

(B) Proboscis (biting instrument) and tiie lieatl is 
much bigger in anopheles than in the culicos. 

Sketch them «8 they are seen sitting on a plane surface, Name the 
diseases conveyed by them. 

Fji.€fb. Get one fr«jm an infected dog (dogs have 
generally fleas on their bodies). Kill it with 
chloroform and place it on a clean slide and moisten 
it with a drop of normal saline oi- distilled water. 
Either see it with a lens or examine it under the 
low power of a microscope. 

Note the following parts: — 

(1) Head to which is attached the blood-sucking 
apparatus, 

(2) a narrow neck, 

(3) thorax which is flattened from side to side 
and to which six pairs of legs, are attached 
and 
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(4) the abdomen. The special point about it is 
that the whole body generally and the thoi'ax 
and the legs specially ai’e covered all over 
with bristles or scales. 

Sketch it. How is it dangerous to man> 

SttnA-Fly. These are generally found in or 
near bath rooms, near the floor, under bricks 
and stones, or in other damp places, (xenerally 
speaking they breed in places where organic 
matter is undergoing decomposition. So they can 
be easily found in the drain and bstck of cook 
houses. It is very difficult to catch one as it is very 
i^tless. It is a small insect but is stoutly built and 
has large wings. They have a dark colour and so 
aic also called black fliee. Its laiwae is aquatic. 

Examine a mounted saiid-fly under the low power of 
a microscope. See its different paiis viz ; head, 
neck, thorax, abdomen and large wings. Note that 
there are no scales or bristles on its body or legs 
(unlike flea). The wings are thin and transpai'ent. 
Sketch it. What are the diseases conveyed by it? 

Hovse*fly. Catch a common house-fly and note 
that it has a head, a neck, a thorax and a segmented 
'(Adtmen. Examine the head under the microscopy 
and stje that it has a suctorial, a mouth with two 
jaws and two prominent eyes. The neck is veiy 
small. Thorax has got six legs and the wings atta- 
ched to it. The latter are beautifully spotted. 

The laivae of house-fly are called Maggt^e, They are 
often found in dirty wounds, decomposing refuse 
and decaying heaps. They are whitish and elonga- 
ted, and ^ve s^mented bodies. 

Draw a ooiy^mon house-fly and its mageot, if available. 
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IDENTIFICATION AND MODE OF EMPLOY- 
MENT OF COMMONER DISINFECTANTS. 

Disinfoctants ai’O biibbtaiiccs whipJi debtroy gorms o.g. 
corroBivo bubliinato. Tlioy arc divided into throe 
clasBea : — 

(1) Natural dihiufoctantH, o.g. mindight; frobh 
air; etc. 

(2) Pliyaical dihiiif cot ants, c.g. tire; lw)iling; hot 
air; steam; ate. 

(3) Chomical disinfootants, e.g. lime; eorrosivo 
sublimate; etc. Here wo are ehiofly conceined 
witJj these. TJiese may be: 

(A) solid, (B) liquid, or ((1) gaseous. 

A. Solid Disinfectants Common ones are:' 

]. SOAP. This is a tiling of common use. It is <>ifcher 
lurnl or soft. Hard soap is prepared nith caustic soda 
luid soft one is ]ire])ared witJi caustic potash. It is usotl 
for cleaning soiled linen and wasliing hands etc. 

2. IjlME(CaO). It is proiMwed by burning lime-stone 
(CaC()a)in kilns. It toims whitish masBes which turn 
into powder when water is poured on them Avith 
the evolution of great heat. Tliis powder is kiioAvn 

slaked-lime, Ca0+JI,0=(M0n), which is usi'd for 
wliite- washing tlie walls. Lime is also used for disin- 
fecting wells. KomomlM ‘1 that it becomes useless if 
stored for some time, as it is changed into chalk 
which is ineit. 

3. BLEACHING POWDEK OR CHILOKIDK OF LIME. 

It is a dull white powder w liich smells heavily of chlorine. 
It is chiefly used for bleacliing vegetable colours or disin- 
fecting drinking watei\ (in long keeping clilorine 
gas goes oft leaving the powder useless. 

B. Lifluid Disinfectants:— These are mostly used 
out of the 3 kinds. The most iiniioiiant of them 
are ^ 

1. PER-CHLORIDE OF lilERCURY OR COROSS- 
IVE SUBLIMATE (HgCa it occui-s as heavy 

whitish or colourless ciystalline lumps. It is one 
of the most powerful disinfectants aiid forms a 
colourless and odourless solution. It is an ext- 
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N. 

coloured 

water, 

2 . 


reineJy poisoiioun aul>«taiice. It ia aalublo in 
water and is used in strength of 1 in 600 for dis- 
infecting clothes and patients* dis-oharges etc., 
1 in 1000 for washing hands ; 1 in 2000 for wash- 
ing small and single wound and 1 in 5000 for 
washing a lai'ge wound or many wounds and when 
repeated washing is required. Its use is only 
limited due to the following points; — 

.V • 

(1) It corrodes instnimonts, 

(2) it co-agulatos albumen. So its power of pene- 
trating into the interior of the organic matter 
is much limited unless some acid is added 
to it, and 

(f{) it makes a vciy poisonous and colourless 
solution with watei’. 

Its special action is Antij)arasitic i.o. killing pai'a- 
sitos, hence it is used foi' killing lice on the 
liead and body and to oiu-o ring-worm disease. 

B. It is generally sold in the market in the form of tablets, 
blue to make the lotion coloured in order to recognize it from 

GYANIDIE OF MERCURY (Hg Ci\"). Tliis is even 
a greater poision thaai the perchloride of 
mercuiy but is a veiy good antisepic. It is 
bardl>' ever used for disinfection as it is veiy 
dear and highly poisonous. 

CARBOLIC ACID or PHENOL. It is one of 
the most commonly used disinfectants. It occurs 
in colourless, deUq\|esceut, needle-like ciTiTstals 
which have got a cbal'acteiistic odour. It- i-eadily 
absorbs moistui'e from tlie atmosphei'o an(J- tiu'ns 
into a pinkish liquid. It is generally, used as a’ 
watery solution in the stren^h of 1 in 20 for 
disinfecting clothes and disclmiges from Cholera 
Typhoid, I^enteiy and Diarrhoea patients, and in 
l--^ strength for washing wounds and^^ands etc. 
To disinfect stools, urine, etc. mix with equal 
amounts of 1 in 20 carbolic lotion. Infected arti- 
cles like clothes etc. should be placed in 1 in 20 
carbolic lotion for at least one hour before giving 
to tiie dhobi, 
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It is also used as a presei-vative in 1 in 200 solution. 
It is an antiseptic as well as a deodomnt. When 
accidently strong acid touches the skin, it becomes 
white called carbolic acid bum. 

4. SAPONIFIED CRESOL. It is ono of the coal-tar 

derivatives and occui-s as a dark, tliick and viscid 
liquid. It is less jioisonous and cheaper tlian car- 
bolic acid. It is equally efficacious. So it is 
more widely used. It cJianges its cftlour to brown 
on keeping. 

It is used as an emulsion in water for disinfecting 
drains, soiled or infected clothes etc. It is also 
used as gas (see below). It does not hleaclt 
colour or corrode motlas. 

It is a veiy good disinfectant, ])araKiticide and lioodor- 
ant. 

5. PHENYLE. It forms a milky solution in water 

with a characteristic odour. It ooeuxs as a dark 
thick liquid. As a disinfectant it is quite weak 
but is largely used as a deodorant for drains 
lati'ines, ui'inals etc. 

(). FORMALINE. It contains formaldehyde in solution 
in water (see btdow). It has got a cliaractei'istic 
pungent odour. Init no colour.. 10% solution ixx 
water makes a veiy good disinfectant. It makes 
skin rough and hai-d. It is used as a picseiva- 
tivo for biological sixicimens and tissues like, braixi 
heai’t', etc. 

7. POTASSlUld PERMANGANATE (KMnO)«. It 
exists as dai’k pui’ple, fine slendei", ciystals which 
ai-e easily soluble in watci- giving it a pink ox- 
pxix-ple x’od coloiix- which soon turns to dax'k 
browxi. It is a weak gci-micide but is a gooddeodo- 
x'axit for di'aixis, nxouth wash etc-.. It is largely use- 
ed in cholei-a days to kill oholex-a germs ixx dx'inking 
wells. As a disinfectant it is used as 0% solution. 
Thex-e are certain diawlacks in it, viz.: — 

(1) It staixxs linen. 

(2) It is quite dear and cannot be used on a lai-ge 
scale. 
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(3) It is unstable as oxygen gas is easily liberal 
when it comes in contact with the oi^nic 
matter in which the germs generally live. 

Write the metliod of disinfecting an ordinaiy sized 
well with potassium permanganate. 

C. Gaseous Disinfectants: — ^Thoso wliich are used 
chiefly as gas without caring whether they exist as solid 
or liquid. 

1. SULPHUR DI-OXIDE (S-h0,=80,). It is prepared 
by burning sulphur, which exists as yellow gritty 
powder without any taste. When we buim sulphur, 
sulphur di-oxido is produced and this gas has 
got a great affinity for moisture with wliich it 
combines to produce sulphurous acid (S0,-bH*0= 
SOg) wliich is a gi'eat reducing agent. This acid 
at once draws oxygon (H,S 0 g+ 0 =:H,S 04 )from the 
body of germs and thus kills them on coming in 
contact with them. It has a pungent odour and 
has got a groat penetrating power. It is used 
largely foi‘ disinfecting Jiouses aftei’ any infect- 
ious ffisoase and the method is as follows: — 

Close all the doors, windows, ventilator, the sky- 
lights of the room to be disinfected. I^et 
only one door remain open. Then close all the 
crevices and chinks in the doors etc. by 
pasting paper so that sulphur di -oxide 
may not be allowed to escape out. The 
things to be disinfected should be damped 
before hand. Bum enough charcoal in the 
room to keep burning for two hours. Put 
sulphur in some metallic vessel. For 1000 
c. ft. capacity 2 pounds of sulphur are 
enough. Put this vessel on the fire. Also 
put a vessel containing water on the fire 
near the sulphur so that water may also evapo- 
rate simultaneously. Get out of the room 
at on(:e and close the door behind. Let it 
bum for two hom’s. After that open all 
the doors and windows. Be careful not to 
occupy the room till at least six hours after 
disinfection, and during this time all the 
doors and windows should remain open. It 





is wise to burn tbc required amount ot 
sulphur in tlu’ee or four places in the room 
and it should be burnt as high as possible. 

2. FORMALDEHYDE. It is a gas witli vciy 
pungent odour. It is prodncetl by pouiing for- 
maline over potassium permanganate or by heat- 
ing formaline under pressure. 10 ounces of 
formaline when poured on 5 ounces of potassium 
permanganante produce formaldehyde enough to 
disinfect 1000 c. ft. and six hours are necessary for 
it. It is a very powerful disinfectant and deodo- 
rant. It does not bleach colour or corrode metal- 
lic vessels except iron and is much stronger than 
sulphm- dioxide. So it has largely replaced the 
latter. It is quite cheap. The only defect that it 
has got is that it is very irritating to the eyes and 
the throat. Remember that it is non-poisonous to 
man. 

y. CHLORINE. It is a greenish yellow gas with 
a peculiar pungent odoiu’ which makes it easily 
recognizable. It is soluble in water and can bo 
prodiiced by pouring stjung hydrocliloric acid on 
bleaching powder. It nee^ moistiu'e to act as a 
disinfectant and l)eing a heavy gas difusos badly. 
It bleaches colour's more readily than sulphur die- 
oxide. It is more expensive and less convenient to 
use. For 1000 c. ft. space 2 pounds of bleaching 
powder acted upon by 1 pormd of commei'ciai hy- 
drocloiic acid are requii’ed. It corrodes metals and 
so metal-fittings should bo I'omoved from the 
I'ooms, when disinfecting with this gas. It is gene- 
rally used for disinfecting drinking water on a 
large scale and for bleaching colours. 

4. CRESOL or CRE08OL. As explained above, 
it is a coal-tar derivative. It is used as gas for dis 
infecting rooms in plague dajTS. For tliis purpos® 
2 ovuices of cresol aro either heated slowly on fire 
or poured on smouldering cow-dung cakes. This 
quantity is sufficient for 1000, c. ft. of space. 

Its advantages are: — 

(1) It lias no action on metals. 



( 2 ) It doog not imtate or act as poison to 
higher forms of life. 

(y) It is oxtremeJy officious for disinfecting houses. 
(4) It is quite cJieap. 

For disinfoeting rooms same precautions are to he 
taken as in sulphur dioxide. 

MICROSCOPIC APPEAR A NCR OF COTTON. 
WOOLEN, & SILK FIBRES, AND OF 
ADMIXTURES. 

COTTON. Fxamine a cotton thread and note that 
it ])as a characteristic appearance. It looks like 
a* ribbon or a flat tape which is twistetl on it- 
self at regular intervals. The iTiterior of tlie 
flbro is often oblitcratofl, and may contain some ex- 
tractive matter, and its borders arc a little thickened. 
Make a sketeh. 

WOOL. Examine a fresh fibre of wool under the 
microscope and note its charactoi istic appearance. 
It looks like a hair with scales overlapping 
each other on tho margins and giving a wa^^' 
appearance to the surface of tho fibre. .Just like 
hair they appear as cylinders with some extme- 
tivo mattei’ in tho central canal and little serra- 
tion or dentitions on tho margijis. Tliis cliarac- 
ten'stic appearance is only found in fresh fibres. 
Wlion old and worn-out the wavy line on tho 
fibres disappoam, and the serrations too, are lost 
on the margins. Sketch the appearance of fresh 
and old fibres. 

SILK. Examine a silk fibre under the microscope. 
Npte that tho fibres are made up of regular cylin- 
ders and present little swoliii^s at regular inter- 
vals. Also note that their margins are well- 
m'arked, homogenious^ and transparent. When old 
and woni-out, there occtirs a splitting up along 
its axis. Di-aw it as seen under the microscope. 

(vi) AlDMlXTURE. Mix three fibres together, one 
cotton, one woollen and one silk. Put them on 
; a clean glass slide and moisten them with a drop 
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of distillud water aiidcoxurtlauii with a t onuI’sIiji. 
Tlioii examine it under the niicroscope. You can 
then oa‘»iJy distiiifpiisJi all tlie throe kindh of lihnw 
hy tlioir eliaraotoriHtich ijiveii above, ^iz:- 

(1) Cotton appealing as a Hat ribbon, twisted upon 

itself; 

(2) silk as regular transparent cihndeis with swolliugs 

here and there on bonlei's; 

(3) ivool as ii eylindor with dontated luaigiiih and its 

eontral (.anal g(*n(nal]y containing extiaetive 
matter. The whole fibre shows aho\o it soiik' 
wavy lines like a screw. Diaw a diagram of the 
admixture and lable thoditleiont tibios. 

N B. The teacher sliould make dillerent ini\ttU4*s 
of silk and ivool, silk and ( otton, and cotton and 
wool and should ask the students to examine them. 

Diaw diagrams of all those, (hve the use oi the imc- 
loscopic evamination of Ihe ^t^lious libn's and ad- 
mixtm os. 


FILTRATION 

This is the process by which impure drink walm is it'udeicd 
pure and fit foi di inking. 

Thieo kinds ol tilteis aio gcmmally ii->ed. 

(1) Hastcnii •Chaiuborlaiid bhlloi. 

(2) Bcrkfold hhlti'r, and 

(3) “A Poor Man’s Kiltci.” 

1. Pasteur-Chamberlaod Filter. Nob- tlial 

it consists of tw'o vessels, tin. outoi being 
made of gla/'xl poicelaiu. Also note that on th<- 
upper end it has got a pipe by which it it connected 
to an oi-dinaiy tap. Wat(*r lemains in this vosi'l 
under pressure. 

The second vessel lies inside tJie first and is 
made up of a special porous clay through whieli 
wrater of the outer vessel is liltercd into its 
inside. Througli these pores even the finest 
suspended impurities e. g. minute bacteria, 
can not pass. 



Also uoto that tlie inuoi* tubo can be rcnioved, cleaned 
and dried. 

Thre is an an’angoment (exit) for removing water from 
the inner tube. 

2. Berkfeld ^Iter. It is nearly the same as the 
first one with the difference that water is poured 
in the inner tube by the tap and it filtem through 
the porous tube into the outer vessel from where 
water comes out for use. 

Draw any filter labelling the two vessels. What are the 
precautions t o be taken in using this filter? 

“A Poor Man’s Pil^r”:— Take three earthen 
Ohar^.^ Into the bottom of each make a small hold 
with a file. Place these three Gharas one above each 
other on a tiipod. Half fill the upper Gharah with suc- 
cessive layers of charcoal. In the middle Gharah simi- 
larly put some layei-s of gravel, and in the third some 
fine sand. Remember that all of these should bo half 
filled. Place some vessel to collect water below the 
tliird Gharah. Plug the hole in the bottom of each 
gharali with some cotton or a piece of sponge. Pour 
water for filtration in the upper-most Gharah. After 
a short time you will notice water flowing from the 
upper Gliarah into the second and then into the thii-d. 
Then water from the third Gharah will trickle and 
collect in the vessel below. This water is absolutely fit 
for all domestic puiposes. 

N. B. The teacher hero should explain the piinciplo 
on which it w'orks. 

Reinemlwr that this filter is quite ■easy to make 
and is of little cost and quite easy to manage. 

The charcoal, the gravel and the sand should bo 
changed frequently and the Gharas in use should 
also be thoroughly cleaned’ and put in the sun for 
some time. 

It is not nocessaiy that the Gharas should be 
glazed. 


Mnttdat tAe Otttel Art (OommughtGuoni) Nmr OdM. 








